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A  CRYOSCOPIC  METHOD  FOR  THE  DETERMINATION  OF  THE  TOTAL  AMOUNT 
OF  ARENES  (AROMATIC  HYDROCARBONS)  AND  UNSATURATED  HYDROCARBONS 
IN  KEROSENE  AND  GAS-OIL  PETROIEUM  FRACTIONS 

M.  )D.  Tilich'jo.  tiuu  N.  A.  Oilfiichijvicli 

:  ■  '  "  '  !  ,  ' 

Thu  Ail-Union  Sci-Miuifii:  RoBctiich  Irist'tuto  sf  Transport,  StDra^e. 
and  jf‘  Brtr  oleum  ProBuets,  Moscow 


In  a  previous  article  [1],  ve  described  in  detail  a  cryoscopic  method 
which  ve  had  worked  out  for  the  quantitative  determination  of  arenes  in 
ligroin,  kerosene,  and  gas-oil  petroleum  fractions  from  straight  run  distil¬ 
lation,  i.e.,  in  fractions  which  do  not  contain  unsaturated  hydrocarbons. 

The  aim  of  the  present  work  is  to  apply  the  cryoscopic  method  to  the  determ¬ 
ination  of  the  total  content  of  arenes  and  unsaturated  hydrocarbons  in  hydro¬ 
carbon  mixtures  containing  unsaturated  hydrocarbons,  in  particular  in  cracked 
products 

The  difficulty  of  determining  aromatic  hydrocarbons  and  unsaturated 
hydrocarbons  is  attributable  to  the  fact  that  unsaturated  hydrocarbons  are 
hardly  touched  on  treatment  with  sulfuric  acid, and  remain  for  the  most  part 
in  the  hydrocarbon  layer  as  polymers  Attempts  to  get  a  complete  absorption 
of  unsaturated  hydrocarbons  with  feulfuric  acid  by  changing  the  conditions  of 
treatment  did  not  give  positive  results.  Only  when  a  l4^  solution  of  phos¬ 
phorus  pentoxide  in  100^  sulfuric  acid  was  used  (30  g  phosphorus  pentoxide 
in  100  ml  100^  sulfuric  acid)  were  the  arenes  and  nnsaturated  hydrocarbons 
completely  absorbed.  Thus,  the  use  of  a  lk<jo  solution  of  phosphorus  pentox¬ 
ide  In  100^  sulfuric  acid  enables  the  cryoscopic  method  to  be  applied  not 
only  for  the  determination  of  arenes  but  for  the  total  amount  of  arenes  and 
unsaturated  hydrocarbons. 

The  cryoscopic  method  of  determining  the  total  amount  of  arenes  and  un¬ 
saturated  hydrocarbons  is  briefly  as  follow^.  Ii5-13  ml  of  cyclohexane  is 
introduced  into  the  inner  tube  of  a  Beckman’  molecular  weight  apparatus  and 
its  initial  crystallisation  temperature  determined.  3“5^  (mol)  (0.3-0. 5  ml) 
of  the  test  material  is  then  added  to  this  amount  of  cyclohexane  and  the  in¬ 
itial  crystallisation  temperature  determined  again.  In  order  to  remove  the 
arenes  and  unsaturated  hydrocarbons,  the  solution  is  heated  with  one  volume 
of  a  solution  of  phosphorus  pentoxide  in  sulfurdc -iactjJ,,  after  which  it  is 
separated  from  the  acid  tarry  residue,  washed  successively  with  water,  10^ 
sodium  hydroxide,  then  again  with  water  until  a  neutral  reaction  is  obtained; 
it  is  finally  dehydrated  with  anhydrous  calcium  chloride.  The  initial  tem¬ 
perature  of  crystallization  is  then  determined  once  age in  for  the  solution 
after  the  above  treatment. 

The  total  content  of  arenes  and  unsaturated  hydrocarbons  can  be  calculat¬ 
ed  by  means  of  the  equation; 


X  =  100* 


(1) 


vhere  x  is  the  content  of  arenes  +  unsaturated  hydrocarbons,  in  mol  Ati  - 
the  depression  of  the  crystallization  temperature  of  cyclohexane  Oh  addition 
of  the  test  mixture;  At2  -  the  elevation  of  the  crystallization  temperature 
of  the  cyclohexane  solution  of  the  test  mixture  after  removal  of  arcnee  and 
unsaturated  hydrocarbons  by  treatment  with  a  sulfuric  acid  solution  of 
phosphoms  pentoxide,  in  degrees  Centigrade. 

Properties  of  the  Original  Materials  and  General  Experimental  Technique . 

The  properties  of  the  materials  not  described  in  [1],  are  included  in 
Table  1. 

TABLE  1 


Properties  of  the  original  individual  hydrocarbons  and  mixtures  of  hydrocarbons. 


Name  Of 
hydrocarbon 

Molecular 

weight 

1 

"^cryst . 
®C 

distil¬ 
lation 
range 
at  ,  ' 
760  mm, 

in  ®C 

Content'  i 
of  un-  j 
sulfon-  j 
a  table 
material 
mol.  ^ 

10a  me 

Number 

Wacll- 

]lny 

tOnteht 

of  un- 
saturat 
ed  hyd- 
rocarb- 
on%  mol. 

Ga pry lene 

- 

- 

122-125 

1.4139 

■  • 

221.1 

9T.5 

- 

1-Nonene 

- 

- 

lk2-‘lkk 

1.4l6l 

- 

199.5 

99.0 

— 

Triisobutene 

- 

- 

160-193 

1.4410 

-• 

- 

96.0 

— 

l-Heneicosene 

- 

33.4 

- 

- 

- 

- 

— 

— 

Arenes, isolatefl 
from  Baku 
petroleum. .... 

ll+O.l 

167-291 

1.5520 

l.T 

Alkanes  and 
cyclanes  from 
Baku 

ligroln . 

• 

137.0 

150-200 

1.4330 

— 

63.2 

Calculated  on  the  basis  of  the  iodine  number. 


The  properties  of  the  other  hydrocarbons  vhich  are  not  included  in  Table  1 
vere  given  in  Table  1  of  the  previous  article  [1].  The  percentages  of  unsulfon- 
atable  matter  in  the  original  arenes  as  found  by  the  .cryoscopic  method  vere  as 
follows :  l-methy1 naphtha lene  -  1.1^;  triethylbenzene  -  1.0^;  2, 6-dime thy Inaph- 
thalene  -  1.5^;  and  diamy  Inaphtha  lene  -  0.7^  (mol.). 

The  mixtures  of  alkanes  and  cyclanes  included  in  Table  1  were  prepared  by 
treating  the  respective  petroleum  fractions  with  99^  sulfuric  acid  until  there 
was  no  change  in  the  cryoscopic  constant.  Ca pry lene  (a  mixture  of  1  and  2-octenes) 
was  prepared  by  the  dehyration  of  secondary  octyl  alcohol  over' aluminum  oxide*, 
1-nonene  was  isolated  from  the  products  of  cracked  paraffin  by  a  method  described 
in  [2].  In  order  to  ensure  freedom  from  possible  contamination  by  polymeriza¬ 
tion  products,  the  original  alkenes  were  distilled  just  prior  to  their  use  for 
making  up  the  synthetic  mixtures. 

1-Heneicosene  which  was  synthesized  in  Moscow  University  by  I. I.  Tits- 
Skvortsov  by  the  reaction  of  allyl  bromide  with  magnesium  octadecylbromlde  was 
purified  further  by  3  successive  crystallizations  from  toluene,  and  two  recry- 


2 


stallizations  from  dichloroe thane,  followed  hy  fractional  distillation  under  a 
reduced  pressure  of  2-3  mm  Hg  from  a  flask  fitted  with  a  column  filled  with  wire 
spirals.  The  take  off  height  was  Ik  cm.  The  first  fraction  (crystallization 
temperature  33 *2®)  and  residue  (crystallization  temperature  50“ )  were  rejected. 
The  remaining  ^4-  fractions  (crystallization  temperature  33. 5-53 which  repre¬ 
sented  a  76.9^  yield  from  the  original  hydrocarbon, were  combined. 

In  order  to  prepare  the  purified  1-heneicosene  as  described  above,  a  cool¬ 
ing  curve  was  plotted  using  an  apparatus  for  molecular  weight  determination  by 
the  cryoscopic  method  (see  diagram).  A  constant  difference  of  2®  was  maintained 
between  the  temperature  of  the  1-heneicosene  and  that  of  the  cooling  bath. 

The  temperature  of  the  heneicosene  was  determined  on  a  normal  thermometer  with 
scale  divisions  of  0.1®.  Readings  to  hundreths  of  a  degree  were  made  with  the 
help  of  a  magnifying  glass. 

On  the  basis  of  the  cooling  curve  (see  diagram)  we  found  that  the  initial 
crystallization  temperature  of  the  1-heneicosene  which  we  prepared  was  33.36*. 

The  crystallization  temx^erature  depression  at  the  50^  mark^AtcQ^)  was  O.O6®. 

From  this  we  calculated  that  [3],  the  crystallization  temperature  of  100^ 
1-heneicosene  should  be  33.^2®.  It  also  follows  from  the  cooling  curve  that  a 
transformation  occurs  in  the  crystalline  phase  at  12.78“,  i.e.  roughly  around 
the  12.6®  mark.  A  mixture  of  95«8^  (moL)  1-heneicosene  and  4.2^  (mol.)  cyclo- 
hexylcyclohexane  has  a  crystallization  temperature  which  is  O.'Jo  +  0.02®  lower 
than  that  of  the  original  1-heneicosene. 

Consequently,  1^  (mol.)  of  solute  leads  to  a  depression  of  the  crystalllza- 
tiqn  temperature  of  1-heneicosene  of  0.I8I  +  0.005®?  or  the  cryoscopic  constant 
(A)  of  1-henelcosene  is  equal  to  5 •5  mol.  ^  per  degree.  By  means  of  these  re¬ 
sults  it  is  possible  to  calculate  that  the  1-heneicosene  prepared  contains —(0.06/ 
0.181)  4  0.3^  mol  oT' some  other  material^  in  other  words  the  purity  of  the  i-hen- 
eicosene  is  99-li>  (mol).  Refractive  index  was  determined  on  an  Abbe  refractoiaeteir 
critical  solution  temperature  in  aniline  by  the  GrozNII  method  {4],  ana  moLec- 


Tlm€  in  tninufts 


ular  weights  cryoscopically  in  benzene. 

Removability  of  ITnsaturated  Hydrocarbons  by  Sulfuric  Acid  and  by 
Solution  of  Phosphorus  Fentoxlde  in  IQQ^  Sulfuric  Acid 

The  first  requirement  was  the  determination  of  the  optimal  conditions 
for  complete  removal  of  arenas  and  unsaturated  hydrocarbons  from  their  mix¬ 
tures  with  alkanes  and  cyclanes.  Experiments  1-11  (Table  2)  were  treatments 
of  cyclohexane  solutions  of  alkenes  alone,  or  alkenes  mixed  with  arenas,  with 
sulfuric  acid  under  various  conditions.  Despite  the  use  of  various  conditions 
(lowering  the  working  temperature  to  6®,  treatment  with  fuming  sulfuric  acid, 
successive  treatment  with  80, -90,  and  100^  sulfuric  acid),  complete  removal 
of  unsaturated  hydrocarbons  was  not  achieved.  The  content  of  the  latter  (in 
moL  <j(j)  decreased  on  an  average  by  approximately  50^-  There  was  a  greater  de¬ 
crease  in  the  percentage  of  alkenes;  a  decrease  to  (mol.),  however, 

was  only  observed  when  fuming  sulfuric  acid  was  used,  but  even  in  this  case 
the  unsaturated  hydrocarbons  were  far  from  fully  removed.  In  addition,  the  use 
of  fuming  sulfuric  acid  is  undesirable  in  the  given  instance,  because  it  reacts 
with  alkanes  and  cyclanes. 

It  should  be  noted  that  decreases  in  the  amount  of  unsaturated  hydrocarbons 
in  the  cyclohexane  solution, adduced  in  the  last  column  of  Table  2,  are  expressed 
in  mol,  percentages  and  do  not  mean  a  corresponding  decrease  in  the  content 
of  unsaturated  hydrocarbons  expressed  as  percent  weight.  Thus,  e.g.,  if  the  test 
alkenes  contained  in  the  cyclohexane  are  subjected,  as  a  result  of  sulfuric  acid 
treatment,  only  to  a  dimerization  reaction  and  remain  completely  in  solution  in 
the  cyclohexane,  then  their  content  expressed  as  mol.  percentage  will  be  halved 
as  a  consequence  of  the  doubling  of  their  molecular  weight.  On  the  basis  of  the 
results  of  Experiments  Nos.  1-11  (Table  2)  it  is  possible  to  conclude  that  on 
treating  unsaturated  hydrocarbons,  or  their  mixtures  with  arenes,  in  a  cyclohexane 
solution  with  100^  sulfuric  acid,  the  greater  part  only  dimerizes  and  remains 
in  solution  in  the  cyclohexane.  It  is  clear,  therefore,  that  in  order  to  remove 
unsaturated  hydrocarbons  or  their  mixtures  with  arenes,  sulfuric  acid  as  such 
is  not  suitable. 

The  results  of  Experiments  12-19  (Table  2)  refer  to  the  treatment  of  cyclo¬ 
hexane  solutions  of  the  alkenes  (in  one  case  with  addition  of  arenes)  with  a 
solution  of  50  g  phosphorus  pentoxide  in  100  ml  of  100^  sulfuric  acid.  In  all 
cases  complete  restoration  of  the  crystallization  temperature  of  cyclohexane  to 
its  normal  value  was  observed;  this  indicates  complete  removal  of  the  unsatur¬ 
ated  hydrocarbons,  though  the  structure  and  molecular  weights  of  the  latter 
varied  within  wide  limits.  Only  in  Experiment  No.  12  (Table  2)  did  0.02^  remain 
from  5*50^  original  caprylene.  When  this  experiment  was  repeated  using  a  longer 
time  for  shaking  the  mixture  (20  minutes)  all  the  caprylene  was  removed  (see 
Experiment  No.  15, Table  2).  These  experiments  showed  that  for  a  content  of 
0. 2-0. 4^  (mol. )  of  unsaturated  hydrocarbons  in  cyclohexane,  5  minutes  shaking 
with  the  sulfuric  acid  solution  of  phosphorus  pentoxide  was  sufficient  for 
their  complete  removal.  For  a  content  of  5-15^  of  unsaturated  hydrocarbons 
the  time  of  shaking  is  increased  to  20-50  minutes. 


Checking  the  Cryoscoplc  Method  for  the  Total  Determination  of  Arenes  and 
Unsaturated  Hydrocarbons 

A  final  check  of  the  cryoscoplc  method  for  the  determination  of  the  total 
amount  of  arenes  and  unsaturated  hydrocarbons  was  carried  out  on  synthetic  mix¬ 
tures  of  these  components,  viz^  1)  a  mixture  of  alkenes  and  cyclanes  prepared 
by  treating  petroleum  fractions  with  sulfuric  acid  until  all  the  arenes  had  been 
removed,  2)  arenes  and  5)  alkenes.  The  method  used  for  the  determination  of  the 
total  amount  of  arenes  and  unsaturated  hydrocarbons  was  that  described  above. 

The  time  of  treatment  in  all  cases  was  5  minutes.  The  results  are  given  in 
Table  5« 


TABLE  2 


Removal  of  alkenes  and  their  mixtures  vith  diethylbenzene  on  treatment  with  one 
volume  of  sulfuric  acid  under  various  conditions 


Expt. 

No. 

Alkenes 

Mdl.^  in  ■ 
cyclo¬ 
hexane 

Conditions  of  treatment 
with  sulfuric  acid 

Ati") ; 
(in 
de¬ 
greed 

) 

1 

( 

Amount  j 
of  un- 
satur- 

Decrease  in  the 
amount  of  alk¬ 
enes,  in  mol. 

Acid 

Dura¬ 
tion  of 
treat¬ 
ment 
(min) 

Temper¬ 

ature 

of  , 
treat-  1 
ment 

(•c) 

Alk- 

ehe 

Die¬ 

thyl 

"ben¬ 

zene 

ates  re¬ 
maining 
in  the 
cyclor 
hexane 
(‘mol.'ii) 

Abso¬ 
lute  ^ 

Rela¬ 

tive 

1 

Capry- 

lene 

26.5 

0.0 

lOOf,  V 

30 

20 

24.05 

9.9 

16.4 

62 

H2S04.  ' 

<• 

i 

2 

same 

0.22 

0.0 

100^ 

30 

20 

0.20 

0.08 

0.14 

64 

H2S04 

3 

same 

0.22 

0.0 

same 

30 

6 

0.50 

0.12 

0.10 

45 

k 

same 

0.11 

0.0 

same 

30 

20 

0.10 

0.04 

0.07 

64 

5 

same 

0.22 

0.0 

80, 90, IQO 

30 

20 

0.27 

0.11 

0.11 

50 

^  HsSO^^ 

6 

same 

0.22 

1.20 

100^ 

30 

20 

0,22 

0.09 

0.15 

59 

H2SO4 

7 

jsame 

0.20 

1.27 

same 

30 

20 

0.33 

0.l4 

0.06 

30 

8 

jsame 

0.22 

0.0 

o.yf, 

30 

20 

0.08 

0.05 

0.19 

86 

1 

j 

free  SO3 

9 

[same 

0.20 

1.50 

same 

30 

20 

0.17 

0.07 

0.15 

65 

10  • 

ITrilso- 

j  butene 

1.22 

0.0 

100^ 

30 

20 

1.68 

0.69 

0.53 

43 

1 

H2S04 

11  1-Henei- 

cosene 

0.56 

0.0 

same 

30 

20 

0.25 

0.10 

0.26 

72 

12 

Capry- 

lene 

5.50 

0.0 

100^ 

10 

20 

0.06 

0.02 

5.48 

99.6 

i 

^S04  + 

1 

+P205  ^ 

■13 

1 

same 

5.50 

0.0 

same 

20 

20 

0.00 

0.00 

5.50 

100 

Ik 

tsame 

0.22 

0.0 

same 

30 

20 

0.00 

0.00 

0.22 

100 

15 

•same 

0.22 

0.0 

same 

5 

20 

0.00 

0.00 

0.22 

100 

16 

'Same 

0.25 

l.U 

same 

5 

20 

0.00 

0.00 

0.25 

100 

17. 

same 

0.15 

0.0 

same 

5 

20 

0.00 

0.00  ■ 

0.15 

100 

18 

il-Nonene 

15.^ 

0.0 

same 

30 

20 

0.08 

0.05 

15.37 

99.8 

19 

briiso- 

j  butene 

1.5^ 

0.0 

same 

5 

20 

0.00 

0.00  / 

1.34 

100 

1)  The  difference  between  the  crystallization  temperature  of  the  original  cyclo¬ 
hexane  and  of  the  solution  of  the  test  hydrocarbons  in  the  cyclohexane  after  sul¬ 
furic  acid  treatment.  By  dividing  the  values  of  ht  by  2,h2  we  can  find  the 
amount  of  contaminant'  (in  mol.  remaining  in  the  cyclohexane. 

2)  5  volumes  of  sulfuric  acid  were  used  in  Experiment  1. 

Successive  treatment  with  80^  and  90^  IfeS04,  one  volume  of  acid  each  time, 

A  solution  of  50  g  phosphorus  pentoxlde  in  100  ml  100^  sulfuric  acid. 


TABLE  5 

Check  on  the  cryoscopic  method  for  the  quantitative  determination  of  total  arenes 
plus  unsaturated  hydrocarbons  in  synthetic  mixtures.  Conditions:  1  volume  of 
(weight)  P2O5  in  100^  H2SO4;  time  of  treatment  -  5  minutes  at  20*. 

Expt .No, 

Designation  of 
hydrocarbons  _ 

Composition  of  synthetic  mixtures 
in  mol.  ^ 

alkanes  • 
and  cycl- 
anes^  frac¬ 
tions  in  ®C 

arenes 

alkenes 

alkanes, 

cyclanes 

arenes 

alkenes 

20 

150-200 

— 

— 

100.0 

— 

— 

21 

500-350 

- 

- 

100.0 

— 

— 

22 

150-200 

- 

l.-nonene 

86.7 

- 

13.3 

25 

150-200 

- 

1-nonene 

78.4 

21.6 

24 

25 

150-200 

150-200 

diethyl 

benzene 

1-nonene 

1-nonene 

49.8 

79.3 

10.2 

50.2 

10.5 

26 

150-200 

ditto 

1-nonene 

79.3 

10.2 

10.5 

27 

150-200 

ditto 

1-nonene 

79.3 

10.2 

10.5 

28 

150-200 

ditto 

1-nonene 

60.3 

20.3 

19.4 

29 

150-200 

ditto 

1-nonene 

60.3 

20.5 

19.4 

50 

150-200 

ditto 

1-nonene 

60.3 

20.3 

19> 

51 

150-200 

ditto 

1-nonene 

49.3 

9.5 

41.2 

32 

,  150-200 

ditto 

1-nonene 

49.3 

9.5 

41.2 

35 

150-200 

-■ 

tr  Isobutene 

82.8 

- 

17.2 

34 

150-200 

1 

arenes 

fraction 

167-291® 

72.9 

27.1 

55 

150-200 

ditto 

caprylene 

/1-nonene 

itriisobuten< 

73.1 

15.1 

2.7; 

5.4J 

[11.8 

36 

150-200 

ditto 

"caprylene  50  •4 

1  1-nonene  ' 
xriisobutend 

29.9 

5.1] 

5'.4' 

9.5J 

^19.7 

57 

150-200 

ditto 

triisobutene  39 »1 

caprylene 

1-nonene  ( 

1 

20.4 

9.6; 
11.1 
19. 8J 

|40.5 

38 

300-350 

— 

1 

1-heneicosene  90.4 

— 

9.6 

59 

500-350 

— 

l-heneicosene  79*0 

-- 

21.0 

40 

300-350 

diarayl- 

naphth- 

alene 

53.9 

46.1 

4l 

500-350 

ditto 

l-heneicosehe  49.0 

37^9 

13.1 

42 

500-350 

ditto 

l-heneicosene  49.0 

37=9 

13.1 

43 

300-550 

ditto 

1-heneicosene  49.0 

37.9 

13.1 

In  the  previous  section  it  was  shown  that  a  solution  of  phosphorus  pent oxide 
in  100^  sulfuric  acid  removed  arenes  and  unsaturated  hydrocarbons  from  the  cyclo¬ 
hexane  solution.  Before  using  the  reagent,  however,  it  was  necessary  to  confirm 
that  it  could  not  react  with  the  mixture  of  petroleum  alkanes  and  cyclanes  in 
solution  in  cyclohexane.  If  the  sulfuric  acid  solution  of  phosphorus  pentoxide 
should  react  with  the  mixture  of  alkanes  and  cyclanes,  and  the  crystallization 
temperature  of  their  solution  in  cyclohexane  should  increase  after  the  sulfuric 
acid-phosphorus  pentdxide  treatment,  it  would  mean  that  the  use  of  this  reagent 

1)  Petroleum  fraction  after  removal  of  arenes  by  treatment  with  99^  H2SO4. 


Atidegrees  ’ 

'  At2  degrees 

Total  content  of  arenes  j 
and  unsaturated  hydro-  1 
carbons  in  mol.  ^  1 

"Deviations^  actual 
minus  found,  in  mol.^ 

Actual 

Found  ' 

Absolute  ! 

.Relative 

5.74 

0.00 

0.00 

p.oo 

0.00 

0.00 

2.24 

0.00 

0.00 

ofoo 

0.00 

0.00 

4.5 

0.59 

13.3 

13.1 

+0.2 

+1.5 

2.5 

0.55 

.  21.6 

22.0 

-0.4 

-1.9 

2.04 

1.02 

50.2 

50.0 

+0.2 

+0.4 

4.10 

0.91 

20.7 

22.2 

-1.5 

-7.3 

3.77 

0.79 

20.7 

'  21.0 

-0.3 

-1.4 

2.34 

0.48 

20.7 

20.5 

+0.2 

+1,0 

4.24 

1.74 

39.7 

4l.O 

-1.3 

-3.3  , 

4.05 

1.61 

39.7 

39.8 

-0.1 

-0.3 

3.36 

1.34 

39.7 

39.9 

-0.2 

-0.5 

3.78 

1.91  1 

50.7 

50.5 

+0.2 

+0.4 

3.99 

2.02 

50.7 

50,6 

+0.1 

+0.2 

3.44 

0.58 

17.2 

16.9 

+0.3 

+1.7 

4.22 

1.17 

27.1 

27.7 

-0.6 

-2.2 

3.77 

1.00 

26.9 

26.5 

+0.4 

+1.5 

3.70 

1.85 

49.6 

50.0 

-0.4 

-0.8 

4.70 

2.83 

60.9 

60.2 

+0.7 

+1.1 

1.70 

0.17 

9.6 

10.0 

-0.4 

-4.2 

2.52 

0.55 

21.0 

21.8 

-0.8 

-3.8 

2.69 

1.27 

46.1 

47.2 

-1.1 

-2.4 

2.10 

1.01 

51.0 

48.1 

+2.9 

+5.7 

2.81 

1.35 

51.0 

48.0 

+3.0 

+5.9 

2.75 

1.44 

51.0 

52.4 

-1.4 

-2.7 

Mean  deviation . . 

0.7 

2.1 

Maximum  deviation. .... 

+3.0 

-7.3 

wouia  lead  to  high  values  for  the  total  amount  of  arenes  and' unsaturated  hydro¬ 
carbons.  Experiment  (see  Bbcpts.  NoB.'  20  and  21,  Table  3)  showed  that  treatment 
of  a  mixture  of  alkanes  and  cyclanef  from  150-200®  and  '30CH550°  petrolfeum  frac¬ 
tions,  respectively,  dissolved  in  cyclc^xane,  with -the  sulfuric  acid-phosphorjis 
pentoxide  reagent  did  not  affect  t^e  crista Iti^zat ion  temperature  of  the  cycloj- 
hexane  solution.  ’  This  confirms  that  the  sulfuric  a cid.-^hosphor us  penoxide 
reagent  can  be  used  for  the  cryoscopic  determination  of  total  arenes  plus 
unsaturated  hydrocarbons . 
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This  confirms  that  the  sulfuric  acid-^phosphorus  pentoxide  reagent  can  he  used 
for  the  cryoscopic  determination  of  total  arenes  plus  unsaturated  hydrocarbons. 

The  experimental  results  (see  Experiments  Numbers  22-45,  Table  3)  are  com¬ 
pletely  satisfactory.  The  mean  deviation  of  the  total  arenes  plus  unsaturated 
hydrocarbons,  as  determined  experimentally, from  the  actual  amount  used  is  equal  to 
to  0.7^  absolute  and  2.1^  relative.  The  raaximimi  deviation  ls+5.0^  absolute, 

-7.3^  relative. 

The  results  adduced  show  that  the  cryoscopic  method  as  developed  by  the 
authors  of  the  present  article  for  the  determination  of  total  arenes  plus  unsatu¬ 
rated  hydrocarbons  is  suitable  for  the  analysis  of  mixtures  of  hydrocarbons 
with  boiling  points  roughly  between  150-400®. 

SUMMARY 

1.  The  crystallization  temperature  (33 •4®)  and  point  of  allotropic  conver¬ 
sion  (12.8®)  were  determined  for  a  sample  of  99 • 7^  pure  1-heneicosene . 

2.  When  solutions  of  alkenes  in  cyclohexane  were  treated  with  concentrated 
sulfuric  acid  the  greater  part  polymerized  and  remained  in  the  hydrocarbon  phase. 

3.  If  Instead  of  sulfuric  acid,  a  solution  of  phosphorus  pentoxide  in  100^ 
sulfuric  acid  is  used,  polymerization  of  the  alkenes  can  be  avoided  and  they  are 
completely  removed  by  the  acid  layer. 

4.  A  method  which  has  been  described  previously  [1],  for  the  quantitative 
determination  of  arenes, can  be  applied  also  for  the  determination  of  total  arenes 
plus  unsaturated  hydrocarbons  in  admixture  with  hydrocarbons  boiling  in  the 
range  150-400®,  if  the  sulfuric  acid  used  for  treatment  of  the  test  samples  is 
replaced  by  a  solution  of  phosphorus  pentoxide  in  100^  sulfuric  acid. 

5.  The  mean  accuracy  of  the  cryoscopic  method  for  total  arenes  plus  un¬ 
saturated  hydrocarbons  is  0.7^  absolute.  In  all,  about  0«5  ml  of  sample  is 
required. 
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THE  QUANTITATIVE  SIECTROCHEMIGAL  DETERMINATION  OF  PRASEODYMIUM 


IN  LANTHANUM  AND  OF  EUROPIUM  IN  SAMARIUM  ON  THE  lSP-22, 
A  SPECTROGRAPH  OF  AVERAGE  DISi^JRSION. 


G.  Kryuger  and  RoR.  Shvangiradze 


The  determination  of  small  amounts  of  rare  earths  in  other  elements  of 
the  same  groups  and  the  special  interest  attached  to  the  preparation  of  pure 
memhers  of  these  groups  have  recently  led  research  vorkers  to  develop  various 
physico-chemical  methods  of  analysis „  The  best  of  these  methods  is  quantita¬ 
tive  emission  spectrum  analysis. 

In  ■work  already  published  it  has  been  pointed  out  that  the  complexity  of 
the  spectra  of  these  elements  of  necessity  requires  a  spectrograph  vith  high 
resolving  pover;  in  America,  therefore,  grating  spectrographs  with  a  focussing 
distance  of  6  m  [1,2,3]  are  used  and  in  Europe  spectrographs  with  high  resol¬ 
ving  power  are  also  employed  [4,5^6]. 

Table  1  summarizes  the  latest  published  results  on  the  quantitative 
spectrochemlcal  determination  of  praseodymium  in  lanthanum  and  of  europium 
in  samarium. 

TABLE  1 


Published  results  on  the  quantitative  determination  of  praseodymium  in  lan¬ 
thanum  and  of  europium  in  samarium 

- - - -  ^ - - - P - , - - — 


Author 

Element 

deter¬ 

mined 

Spectro¬ 

graph 

Disper¬ 
sion 
in  A /mm 

- 1 

Material' 
of  i 

elect¬ 
rode  1 

r - 

1  Form  of 
test  and 
excita¬ 
tion 

Analytical 

lines 

Concen¬ 
tration 
range, 
in  <jo 

Gatterer 

Eu  in 

Stein- 

5«2 

Graphite 

f  - 

Solution 

Eu  4129.7^1 

and  Junkes 
[^] 

Sm 

heil 
f»  = 

1.6  m 

arc  = 

3.75  A 

Sm  4128.1  A 

to  1.0 

Fassel  and 
Wilhelm[l] 

Eu  in 

Sm 

Grating 
f’  =6  m 

2.5 

Graphite 

rare  earth 
oxide  + 
graphite 
powder 
IsJ  -  arc 
17  A  ! 

Eu  4129.74  A 

from  0.1 
to  2.0 

from  0.01 

Sm  4129.23  A 
Eu  4627.12  A 

i 

Sm  4628.79  A 

to  0.2 

Fassel, 
Cook,Krotz 
Kehres  [2] 

Pr  in 

La 

Grating 
f  ’  =6  m 

2.5 

rare  earth 
oxide  +  „ 

graphite 
powder 
ls.l=arc 
17-18  A 

Pr  1(408.84  1 

from  0.05 

La  4393 o51  A 

to  1.0 

With  regard  to  Gatterer  and  Junkes  method  one  can  say  that  they  consider¬ 
ably  increased  the  sensitivity  of  the  determination  of  europium  in  samarium  by 

^  _ _ _ a  j-'t _ _ I*  ^ _ _ _ 
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Their  method  of  analysis  is,  hovever,  far  more  time  consuming  than  normal  spectro- 
chemical  analysis^  their  method  is  therefore  not  suitable  for  carrying  out  large 
numbers  of  analyses.  On  the  other  hand, the  method  proposed  by  Fassel  and  co¬ 
workers  is  distinguished  by  the  simplicity  of  the  preliminary  preparation  of 
the  sample  (mixing  the  test  sample  with  graphite  powder  in  the  ratio  1:1)  and 
their  method  of  excitation. 

All  the  methods  mentioned  in  Table  1  have  the  following  features  in  common: 
the  use  of  a  constant  current  arc  between  needle  electrodes  as  the  source,  the 
choice  of  a  basic  element  as  the  internal  standard,  and  the  use  of  spectrographs 
of  high  resolving  power. 

Our  problem  was  to  develop  a  method  for  the  quantitative  spectrochemlcal 
analysis  of  mixtures  of  rare  earths  with  a  spectrograph  of  average  dispersion, 
the  ISP-22. 

Results  are  given  in  this  article  of  quantitative  methods  of  determining 
praseodymium  in  lanthanum  and  of  europium  in  samarium  using  this  apparatus. 

Cholos  of  Electrode  Material  and  Spectrum  Excitation  Source 

As  pointed  out  above,  the  authors  mentioned  [1,2,4]  used  a  constant  current 
arc  between  needle  electrodes.  However,  ^f ter  using  a  spectrograph  with  average 
dispersion  we  became  convinced  that  the  band  spectrum  of  cyanide  (CN)  seriously 
interferes  in  the  wave  length  range  we  were  interested  in.  We  did  not  use  the 
method  proposed  by  Smith  and  Wiggins  for  excluding  the  cyanide  band,  viz.  arcing 
in  water  vapor,  since  it  is  unsuitable  for  carrying  out  large  numbers  of  deter¬ 
minations.  We  accordingly  chose  copper  as  the  material  for  the  electrodes. 

When  working  with  copper  electrodes  it  is  essential  to  use  an  AC  arc;  for 
stabilization  of  the  discharge  conditions  we  used  an  AC  arc  with  high  frequency 
ignition  on  the  Sventitsky  plan.  Substitution  of  graphite  electrodes  by  copper 
ones,  apart  from  eleminating  the  cyanide  bands, has  a  further  advantage:  pure 
copper  electrodes  are  cheaper  and  more  readily  available  than  spectrally  pure 
graphite  electrodes. 

In  order  to  prevent  scattering  of  test  sample  from  the  electrode  openings 
during  arcing  burning,  various  fixing  agents  are  used  in  practice;  these  also 
favor  evaporation  and  excitation  of  test  samples  in  many  cases.  In  our  case  it 
was  Impossible  to  use  organic  compounds  (appearance  of  cyanide  bands).  Potassium 
bisulfate  was  therefore  chosen  (KHSO4),  and  this  was  mixed  in  the  ratio  of  4:1 
with  the  rare  earth  oxide  (4  parts  KHSO4  to  1  part  rare  earth  oxide).  The  open¬ 
ing  in  the  lower  electrode  was  filled  with  this  mixture,  where  it  was  subsequently 
melted  on  an  electric  hot  plate  until  a  caked  test  sample  was  obtained;  this 
caked  material  was  not  then  scattered  on  heating  in  the  arc. 

McClelland  [6],  was  the  first  to  use  potassium  bisulfhte  as  a  fixer, though 
he  used  it  in  a  somewhat  different  way;  the  base  in  his  case  was  ferric  oxide 
mixed  with  the  rare  earth,  iron  being  used  as  the  internal  standard.  In  our 
case,  addition  of  iron,  which  has  a  fairly  complicated  spectrum, would  have  led 
to  additional  troubles  in  resolving  the  spectra 

Moreover,  in  determining  rare  earths  it  is  more  suitable  to  use  as  the  in¬ 
ternal  standard  a  base  element  of  the  rare  earth  mixture.  Simply  mixing  the 
rare  earths  with  potassium  bisulfate  gave  satisfactory  results. 

Choice  of  Anal3rtical  Lines  and  Working  Conditions 

There  are  in  all  four  sensitive  lines  in  the  spectrum  of  praseodymium 
which  are  free  from  superposition  by  lanthanum  lines  and  from,  interference  on 
the  part  of  the  copper  electrode.  These  lines  are:  Pr  II  5908.43  1;  Pr  II 
3908.03  K;  Pr  II  4100.75  A;  Pr  4222.98  K, 
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Fig.  1.  Relation  between  absolute  Fig.  2.  Relation  between  absolute 

and  relative  intensities  of  the  and  relative  line  intensities  of 

praseodymium  and  lanthanum  lines,  -  praseodymium  and  lanthanum,  and 

and  current  strength,  (in  this  and  subse-  inter  electrode  distances, 
quent  figures,  J  =  I  (intensity). 

The  line  i^■408.84  K  for  Fr  II  which  was  used  by  Fassel  and  coworkers  [2], 
suffers  in  our  case  from  interference  from  the  4415.6  K  copper  line. 

The  Pr  II  lines  5908.43  ^  and  3908.03  A  are  not  resolved  by  the  ISP-22 
spectrograph,  since  its  dispersion  in  the  5900  A  region  only  amounts  to  54  A/mm. 
The  composite  line  arbitrarily  denoted  by  us  henceforth  as  Pr  II  3908  A  is  more 
intense  than  either  of  the  lines  composing  it.  For  comparison  we  used  the  line 
of  the  base  element  La  II  3936.22  A;  according  to  tabulated  results  it  should 
have  superimposed  on  it  Pr  3955.82  A,  but  under  our  conditions  at  a  concentra¬ 
tion  of  up  to  10^  praseodymium  in  lanthanum  this  'line  did  not  prove  reliable, 
i.e.  the  La  II  3956.22  A  line  Is  practically  free  from  superposition  by  the 
praseodymium  line.  This  assumption  is  confirmed  by  the  strict  straight  line 
shape  of  the  calibration  curve  (Fig. 6). 

In  order  to  make  a  final  choice  of  the  analytical  lines  to  be  used  for 
praseodymium  and  lanthanum  the  following  pairs  of  analytical  lines  were  studied 
in  detailt^) 

1.  Pr  II  3908  A  ? 


.  \ 

1)  This  was  part  of  the  work  V.L.Dzhiky  carried  out  for  his  diploma. 


Pr  k223.0  A 
la  II  k^QO,k  K 

Pr  4223.0  A 

le  4315.90  K 


The  suitability  of  these  pairs  of  lines  for  analytical  purposes  was  in¬ 
vestigated  by  studying  the  effect  of  the  arc  parameters  (current  strength, 
inter -electrode  distance)  and  exposure  time  on  their  absolute  and  relative 
intensities.  , 

The  results  of  these  investigations  on  the  relationships  between  the 
absolute  and  relative  intensities  of  the  praseodymium  and  lanthanum  lines 
and  current  strength  are  adduced  in  Fig.  1.  Samples  containing  5^  prase¬ 
odymium  in  lanthanum  were  photographed  for  an  exposure  time  of  60  seconds, 
and  an  inter-electrode  distance  of  3  nim.  The  intensity  values  were  deter¬ 
mined  from  the  blackening  curve  of  the  photographic  plate.  The  background 

around  the  line  was  taken 
into  account.  As  shown  in 
Fig.  1  all  the  pairs  of  lines 

f  apart  from  Pr  II  3908  A/la 

I  3902.6  A  1)  gave  satis- 
factory  results.  On  the 
basis  of  this  work  a  current 
,  of  9A  was  chosen  for  further 

i$  -  work,  since  it  was  more  suit- 

4^.  ^ ^  able  for  the  concentration 

4^  ^  yy  range  at  which  we  were  work- 

y^4m.*A  (from  0.3  to  lOi  Pr  in 

y^ ^  fc). 


4223 A 
d^4m4A 


'i4  iAeiSA 


^r3908A 

Lt330K(A 

Pf4Xl3A 

e^jm . 

-  la3miA 


Fig.  3.  Variation  of  the  blackening  of 
praseodymium  and  lanthanum  lines  and  their 
relative  intensities  with  exposure  time. 


Results  of  the  study  on 
the  relatiouahips  between 
the  absolute  and  relative 
intensities  of  the  prase¬ 
odymium  and  lanthanum  lines, 
and  inter-electrode  distances 
are  adduced  in  Fig.  2.  The 
spectra  were  photographed 
at  a  current  strength  of  9A 
and  an  exposure  time  of  60 
seconds.  It  is  clear  from 
Fig.  2  that  only  two  pairs 
of  lines?  Pr  II  3908  A/la  II 
3956.2  A  and  Pr  4223  0  A/la 
4300.4  A  behave  satisfactorily. 
For  further  work  we  chose  an 
interelectrode  distance  of 
d  =  3  nun.  Unstable  burning 
of  the  arc  occurs  if  this 
distance  is  increased. 

Using  the  conditions  chosen 
(current  strength  9A,  and 
ihterelectrode  distance  d  =  3inni) 


fhls  is  not  surprising  in  view  of  the  fact  that  the  pair  of  lines  from  ionized 
and  neutral  atoms  always  show  comparatively  greater  variations. 

12 


1 


the  variation  of  the  blackening  of  praseodymium  and  lanthanum  lines  and 
their  relative  intensities  vith  exposure  time  vas  studied.  These  results 
are  represented  graphically  in  Fig.  5<.  All  four  pairs  of  lines  behave  well, 
particularly  Pr  3908  A/la  3956.2  A  and  Pr  4423  A/la  4300.4  A,  the  relative 
intensities  of  which  remain  completely  unchanged  with  exposure  time. 


ratio  on  the  absolute  and  relative 
intensities  of  the  samarium  and 
europium  lines. 


2S40 


XMD  IOH3f 
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Fig.  5»  Relation  between  the 
absolute  and  relative  line  in¬ 
tensities  of  samarium  and 
europium^  and  exposure  time. 


In  order  to  demonstrate  iday  we  chose  an  exposure  time  of  60  seconds  we 
have  shown  in  Fig.  3  how  the  blackening  Increases  with  Increasing  exposure 
time, and  not  the  intensities  of  the  individual  lines.  For  longer  exposures 
than  60  seconds  the  blackening  is  too  strong  and  fails  within  the  overdevelop¬ 
ment  range  of  the  plate. 

On  the  basis  of  these  results,  the  pair  of  lines  Pr  II  39^8  A/la  II 
3956.2  A  was  chOTen  as  the  analyti^l  pair.  We  turned  down  the  pair  Pr  4223-0  A/ 
la  4300.4  A  for  two  reasons^  first,  they  are  located  rather  ihr  apart  from  each 
other,  thus  complicating  calculations;  secondly,  the  Pr  4223.0  A  line  is  weak 
and  does  not  show  up  at  low  praseodymium  concentrations . 

For  the  determination  of  europium  in  samarium  it  was  established  that  of 
the  europium  lines  free  from  superposition  under  our  conditions,  it  is  the 
Eu  3950.50  A  line  which  has  the  greatest  intensity  while  the  an  II  5900.9  A 
is  a  Suitable  line  for  ccmiparison.  It  was  shown  experimentally  that  in  this 
case  also  the  working  conditions  could,  be  left  unchanged  (current  strength  9A, 
intereiectrode  distance  3  iim)|  it  was  however  more  convenient  to  increase  the 
exposure  time  in  this  case  to  80  seconds.  In  view  of  the  fact  that  it  was 
especially  Important  to  get  as  hi^  a  sensitivity  as  possible  for  the  deter- 
-  minatlon  of  europium,  the  effect  of  an  additional  .parameter  was  also  studied  - 
viz.  the  effect  of  the  SiifeOa  to  KIiS04  ratio  CHi  the  line  Intensity.  On  varying 
the  ratio  of  SbigOa  "to  KHSO4  from  1;8  to  1^1  an  interesting  fact  was  discovered. 
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TABLE  2 


Praseodymium  in 
lanthanum 

Europium  in  samarium 

Analytical  pairs 

Pr  3908  A 

Eu  3930.50  A 

Eu  2814.0  A 

La  3956.2  A 

Sm  3900.9  A 

Sm  2796.8  A 

Composition  of 
sample 

One  part  rare 
earth  oxide  + 
four  parts  KHSO4 

ditto 

ditto 

Amount  of  sample 
on  electrodes 

30  mg 

ditto 

ditto 

Preliminary  treat¬ 
ment  of  sample 

Fusion  on  an 
electric  hotplate 

;  ditto 

ditto 

Electrodes 

Lower  electrode  -  copper  cylinder  32  x  6  mm,  opening 

4.5  mm,  depth  2  mmj  upper  electrode  -  copper  cylinder 

52  X  6  mm  with  a  cone  shaped  rounded  end. 

Excitation  source 

Sventitsky  9A  arcj 

ditto 

ditto 

Interelectrode 

distance 

3  um 

ditto 

ditto 

Spectrograph 

ISP-22 

4 

ditto 

ditto 

Spectrograph  slit 

0.005  mm 

ditto 

ditto 

Emulsion 

Ilford  Process^) 

ditto 

ditto 

Preliminary  ignition 

5  seconds 

ditto 

ditto 

Exposure 

60  seconds 

80  seconds 

80  seconds 

Deve lopment 

5  minutes  at  20* 
in  a  two-solu¬ 
tion  developer  2) 

ditto 

ditto 

Fixing 

1  minute  rapid 
action 

ditto 

ditto 

Densitometer 

MF-2  micro¬ 
photometer 

ditto 

ditto 

Concentration 

range 

from  0.3  to  10^ 

Pr  in  La 

0.02  to  1.0^ 

Eu  in  an 

0.1  to  10^ 

Eu  in  an 

It  is  possible  to  use  spectrographic  plates  Type  2. 

Solution  I:  1000  ml  H2O,  9  S  bydroquinone,  2  g  potassium  bromide,  9  g 
potassium  bisulfite.  Solution  Us  IGOO  ml  H2O  and  I8  g  KOH. 

3)  1000  ml  ^0,  300  g  sodium  hyposulfite,60g  ammonium  chloride. 


In  the  region  1:4  to  Is 5  there  is  a  maxiumum  line  intensity  for  europium 
and  samarium  while  at  the  same  time  the  relative  intensities  of  these  lines 
are  practically  unchanged  (Fig.  4).  It  was  thus  that  the  ratio  of  Sm203  to 
KHSO4  which  we  used  for  further  work  was  justified. 


Since  at  concentratione  higher  than  3^  the  Eu  line  3930-50  A  was  very 
strong  it  was  necessary  to  choose  for  high  concentrations  a  line  which  was 
weaker  than  the  Eu  3930-50  A  line.  A  suitable  line  proved  to  be  Eu  28l4.0  A 
for  which  the  Sm  2798'* 8  A  line  was  a  suitable  comparison  line. 

The  relations  between  absolute  and  relative  intensities  of  the  europium 
lines  (‘930.501  281^4-. 0  A)  and  of  the  samarium  lines  (3900j9$  279^.8  A)  to 
various  exposure  times  ranging  from  0-25  seconds  to  100-123  seconds  are  shown 
in  Fig.  5. 

The  ratio  of  the  intensities  of  the  two  pairs  of  lines  remainspractically 
unchanged. 

The  operating  conditions  under  which  we  photographed  the  spectra  for 
carrying  out  spectrochemical  analysis  are  summarized  in  Table  2. 

Preparation  of  Standards 

In  order  to  prepare  standards  the  purest  samples  of  the  rare  earths  at 
the  disposal  of  the  chemistry  laboratory  were  used. 


The  standards  were  prepared  as  follows^  pure  lanthanum  oxide  was  calcined 
at  800-900®  to  constant  weight-  A  known  weight  qf  calcined  oxide  was  dissolved 

in  dilute  nitric  acid,  and 
the  nitric  acid  solution 
transferred  to  a  standard 
flask  and  made  up  to  volume , 
In  a  similar  way  a  standard 
solution  containing  a  known 
weight  of  praseodymium 
oxide  (P2O3)  was  prepared 
from  PreOii.  Equal  volumes 
of  lanthanum  solution  were 
taken  and  different  amounts 
of^  solution  added  to 

them.  The  precipitates  form¬ 
ed  by  heating  the  mixed 
solutions  with  excess  oxalic 
acid  were  allowed  to  stand 
overnight  before  .altering’, 
the  oxalates  were  then  washed 
with  0.5^  oxalic  acid  and 
the  precipitate  calcined 
in  a  platinum  crucible  at 


900‘ 

the 


for  one 
oxides. 


hour-  to  form 


Standards  samples  for 
the  determination  of  europi¬ 
um  in  samarium  were  prepared 
in  exactly  the  same  way. 


Fig-  6-  Calibration  curves  for  the  determina¬ 
tion  of  praseodymium. 


Two  series  of  standards 
were  prepared^  one  with  0.„5, 
1-0,  3-0,  and  10^  praseody¬ 
mium  in  lanthanum  and  one 
of  0.01,  0.03,  0-1#  0.3,  loO, 
5.0,  and  10^  of  europium  In 
samarium. 


Calibration  Curves 


The  standards  were  photographed  4  times  each  under  the  conditions  given 
In  Table  2.  The  analytical  lines  were  photometrically  measured  on  an  MF-*2 
microphotometer.  The  blackening  values  were  converted  Into  line  intensities 
by  means  of  the  characteristic  curves  of  the  photographic  plate.  The  back¬ 
ground  of  the  lines  was  taken  Into  account  In  calculating  line  intensities. 
The  logarithms  of  the  relative  Intensities  of  the  analytical  pairs  of  lines 
were  meaned  for  the  four  measurements.  From  these  mean  results  calibration 


curves  were  constructed  using  t!ie  coordinates 
log  Cgj^  where  -  is  the  concentration 

of  europium  or  praseodymium  in  percentages. 


log  liBEy 
^la 


log  cpj,  and  log  j 
^Sm 


The  calibration  curve 
for  determination  of 
praseodymium  in  lanthanum 
is  shown  in  Fig.  6.  The 
absence  of  kinks  both  at 
low  and  high  concentra¬ 
tions  indicate  that  the 
original  materials  did 
not  contain  any  appreci¬ 
able  amounts  of  praseo¬ 
dymium,  and  that  the  line 
Pr  5935-82  A  shows  prac¬ 
tically  no  Interference 
with  the  La  3936.2  A  line. 
The  lower  limit  of  deter¬ 
mination  of  praseodymium 
in  lanthanum  is  0.5^. 

Calibration  curves  for 
the  determination  of 
eoiT^pium  In  samarium  are 
shown  in  Fig. 

I.  log  A  = 

=  f(log  ceu) 

for  the  concentration 
range  0.02  to  Vjo  and 


Fig.  7»  Calibration  curves  for  the  determi¬ 
nation  of  europium  in  samarium, 
a  -  experimental  curve 5  b  -  working  curve. 


•  II. 


log 


^Eu  28l^.-0  A 
^Sm  2796.8  A 


=  f  (log  Cg^) 

for  the  concentration  range  0.1  to  10^  of  europium  in  samarium.  The  experi- 
--mental  curves  denoted  by  a  show  a  slight  curvature  at  low  concentrations,  which 
indicates  that  the  original  samarium  was  not  completely  pure,  i.e,.  there  was 
some  europium. already  present.  Rectification  of  the  curve  indicates  that  this 
was  equal  to  0.02^.  The  rectified  working  curves  in  Fig.  7  denoted  by-b. 

It  was  confirmed  by  radiation  analysis  that  the  original  samarium  contained 
0.02^  Eu. 


TABLE  5 

Accuracy  and  reproducibility  of  the  Accuracy  and  Repro» 

determination  of  praseodymium  in  lanthanum  ducibllity. 


Test 

No. 

‘  i  Pr 

Mean  error 
of  the  mean 
value  ‘fo  Pr 

Number  of  The  accuracy  and 

determine  reproducibility  of  the 

ations  *  results  for  the  deter¬ 

mination  of  praseodymi- 

Added 

Average  I 
found  ' 

Differ-  1 
'  ence  ! 

3072 

3073 

3083 

3084 

2.2 

6.5 

0.6 

1,4 

2.3 

6.3 

0.61 

1.57 

+0.1 

-0,2 

+0.01 

+0.17 

>0.1 

^.13 

+0.023 

+0,045 

K  um  in  lathanum  were 

^  studied  on  synthetic 

•  5  mixtures  prepared  from 

the  pure  oxides  of 
^  _  these  elements  in  just 

5  the  same  way  as  the 

standards ,  The  re¬ 
sults  obtained  are 
given  in  Ifeble  3. 


The  reproducibility  of  the  results  of  the  determination  of  each  unknown 
concentration  is  deduced  from  the  mean  error  of  the  mean  value  of  five  measure¬ 
ments,  The  accuracy  can  be  evaluated  from  the  amount  of  praseodymium  actually 
put  in  the  test  mixture  and  that  found  experimentally. 


We  could  not  use  this  method  for  preparing  synthetic  mixtures  for  the  de¬ 
termination  of  europium  in  samariuiij.  as  a  means  of  checking  the  method,  since 
the  amount  of  europium  at  our  disposal  was  limited. 


TABLE  k 


Checking  the  ^accuracy  of  the  method  of  determining  europium  in  samarium  by  com¬ 
parison  of  spectrbcliemical  and  radiation  results.  Balance  of  absolute  amts,  Eu, 


Number 

Amount  of  ' 

^  Eu  found  1 

1  Amount  of  EupO.-?  in  mg 

of  test 

angOs,  in  g 

Spectro- 

chemically 

Radiation 

method 

Spectro- 

chemically 

Radiation 

method 

30^4  “ 

6i,k 

0.^7 

250 

3065 

4.88 

5.85 

4.6 

187 

224 

3066 .  ' 

2.25 

0.59 

0.48 

13 

11 

3067 

5.35 

0.065 

0.068 

3 

4 

3068 

0.4l 

0.061 

0.102 

.  - 

- 

3069 

48.0' 

0.071 

0.085 

34 

41 

3069 

£  “^EugOa 

3065 

=  237 

280 

■5^9 

L  “DusOa 

[3065 


A 


3064 

^Eu^Oa 


~13 


+8o5 


^uz03  ^  =a*-5.2 


In  order  to  check  the  accuracy  of  the  method  several  samples  were  analyzed 
and  from  these  samples  others  were  made  up.  These  same  samples  were  also  an¬ 
alyzed  hy  a  radiation  method  in  the  chemistry  laboratory,  the  activity  of  the 
Eu*^^  isotope  (half-life  9.3  hours)  which  was  prepared  hy  irradiation  of  the 
test  sample  with  slow  neutrons  being  measured. 

Results  for  the  determination  of  the  balance  of  the  europium  as  determined 
by  both  methods  are  given  in  Table  4.  Test  5064  was  the  original  test  material 
of  samarium  oxide  from  which  the  europium  was  chemically  extracted.  As  a  re¬ 
sult  an  enriched^)  sample  was  prepared, 5065,  and  a  number  of  others  containing 
less  europium:  3066,  5067,  5068,  3069.  The  original  amount  of  europium  from 
test  3064  was  distributed  between  tests  3O65  to  3069. 

From  the  concentrations  of  europium  in  samrium  found  spectrochemically 
and  by  the  radiation  method  and  from  the  known  amounts  of  SmgOa,  the  absolute 
amounts  of  EugOs  in  the  test  samples  were  calculated.  Ideally  the  total 
amount  of  EugOa  in  test  samples  3065  to  3069  should  be  equal  to  the  original 
amount  of  EugOa  in  3064.  In  the  last  two  columns  of  Table  4,  the  deviations 
(absolute  in  mgs,  and  percentages)  of  the  results  of  the  spectrochemical  and 
radiation  methods  from  the  ideal  case  are  given;  these  deviations  are  -5 *2^ 
for  the  spectrochemical  method  and  +8.5^  for  the  radiation  method. 


TABLE  5 

Reproducibility  of  the  results  of  determinations 
of  europium  in  samarium 


In  order  to  study  the 
reproducibility  of  the 
results  of  the  determina¬ 
tion  of  europium  in  sama¬ 
rium,  natural  mixtures  of 
these  elements  were  an¬ 
alyzed  a  few  times.  The 
mean  error  of  the  mean 
value  for  each  concentra¬ 
tion  Indicates  the  repro¬ 
ducibility  of  the  method 
(see  Table  5)* 


SUMMARY 

Despite  the  widely  held 
opinion  in  the  literature 
that  the  solution  of  the 
problem  discussed  above  of 
necessity  requires  a  spec¬ 
trograph  with  high  resolv¬ 
ing  power,  we  succeeded  in 
developing  a  spectrochemi¬ 
cal  method  for  the  deter¬ 
mination  of  praseodymium 
in  lanthanum  (from  O.3  to 
10^)  and  of  europium  in 

samarium  (from  0.02  to  10^)by  means  of  an  ordinary  spectrograph  -  the  ISP-22  - 
with  only  average  dispersion.  The  sensitivity  of  the  method  is  somewlmt  lower 
than  that  of  the  methods  employing  an  Instrument  with  higher  resolving  power, 
but  the  difference  between  the  results  Is  not  so  great  as  the  disparity  between 
the  means  used  to  get  the  results. 


Test 

No. 

^  Eu 
found- 

mean 

Mean  error  of  the  mean 

1  value 

Number  of 
determina¬ 
tions 

1  in 

mg 

i  in  ^  of  the 
value  found 

3022 

0.40 

+0.025 

+6.3 

2 

3058 

0.665 

+0.015 

+2.3 

2 

3054 

6.0 

+0.025 

+4.2 

6 

5061 

0.88 

+0.02 

I  +2.3 

2 

3074 

00 

• 

CO 

+0,6 

+6.8 

2 

3075 

0.97 

+0.03 

+3.1 

2 

3076 

0.53 

+0.01 

2 

3077 

0.235 

0.00 

0.0 

2 

3078 

0.056 

0.00 

0.0 

2 

3079 

0.035 

+0.0015 

+4.3 

3 

Mean 

+3.1 

^)  Work  with  the  object  of  enriching  the  amount  of  europium  was  carried  out  in 
the  chemistry  laboratory. 
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One  of  the  rare  earths  originally  present  in  the  test  material  is  used 
as  internal  standard. 


A  duplicate  analysis  requires  a  small  amount  (l6mg)  of  rare  earth  oxide. 

Results  for  the  spectrochemical  determination  of  europium  in  samarium 
have  "been  compared  with  those  of  radiation  analysis.  The  accuracy  and  repro¬ 
ducibility  of  the  methods  are  satisfactory.  It  is  as  yet  impossible  to  say 
which  of  the  two  methods  -  spectrochemical  or  radiation,  is  more  accurate, 
but  there  is  no  doubt  that  under  the  conditions  employed  by  us  it  is  found 
quicker  to  carry  out  analysis  by  the  spectrochemical  than  the  radiation  method. 

Received  October  29,  1955 
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A  CRYOSCOPIC  METHOD  FOR  MOLECULAR  WEIGHT  DETERMINATION 


IN  WHICH  A  RESISTANCE  THERMOMETER  IS  USED 
V.  Ya.  Mikhkelson^) 

Tallin  Polytechnic  Institute 


Often,  during  the  evaluation  of  the  chemical  properties  of  various  indus¬ 
trial  products,  and  more  and  more  frequently  in  the  course  of  scientific  re¬ 
search,  one  has  to  resort  to  the  deteim  ination  of  a  very  important  quantity 
the  molecular  wei^t  of  the  substance  or  the  average  molecular  wei^t  of  a  mix¬ 
ture).  Apart  from  the  importance  of  tue  molecular  weight  as  such  it  is  also 
essential  for  calculating  other  important  constants  molecular  refraction,  para- 
chor,  etc.  Unfortunately,  there  is  no  method  available  which,  while  being 
rapid,  is  also  accurate  enough  for  molecular  weight  determination. 

At  present  the  most  widely  used  method  is  the  Beckman  cryoscopic  method 
of  determining  molecular  weights  [IJ,  in  its  various  modifications  [2,5,^jo 
In  order  to  decrease  the  relative  error  in  measuring  temperature  differences 
during  molecular  weight  determination  in  apparatus  fitted  with  a  Beckmann  ther- 
mcMeter  (the  absolute  error  is  of  the  order  of  0.01®),  relatively  large  amounts 
of  test  material  are  used.  At  high  concentrations^ however, the  errors  of  deter¬ 
mination  increase  because  of  solute  association.  The  method  of  extrapolating 
the  results  of  molecular  weight  determinations  to  zero  concentration  does  not 
always  succeed  in  eliminating  errors  arising  from  solute  association.  The 
author  of  the  present  article  made  a  resistance  thermometer  from  a  semi-con¬ 
ductor  by  means  of  which  temperature  differences  could  be  measured  with  an  accu¬ 
racy  of  up  to  0.001®  (for  an  accuracy  of  reading  of  O.OOO5®).  An  apparatus 
was  then  set  up  and  a  technique  worked  out  for  the  determination  of  molecular 
weights,  in  which  the  new  thermcmieter  with  its  advantages  of  accuracy  and  small 
size  "was  utilized.  jn  the  author's  laboratory  an  apparatus  similar  in  con¬ 

struction  to  the  one  described  below  was  successfully  used  for  molecular  weight 
determinations,  using  only  7  nil  of  solvent  and  5-20  mg  of  test  material. 

The  method  described  below  is  particularly  suitable  for  the  determination 
of  molecular  weights  in  large  numbers  since  one  determination  does  not  take  more 
than  50-^0  minutes  and  the  work  is  not  too  arduous. 

The  set-up  used  is  shown  in  Fig.  1.  The  construction  of  the  apparatus  is 
clear  from  the  diagram.  The  dimensions  of  the  apparatus  can  be  gauged  by  com¬ 
parison  with  the  scale  attached  to  the  diagram.  The  upper  end  of  the  control, 
bearing  5e  is  welded  so  that  the  coupling  rod  5d  travels  e,xactly  through  the 
opening  without  sticking.  The  lower  end  is  welded  so  as  to  be  of  the  same  dia¬ 
meter  as  the  opening,  1-1.2  mm.  Such  a  construction  for  the  bearing  ensures  that 
the  apparatus  is  fairly  reasonably  hermetically  sealed, and  also  ensures  a  smooth 
motion  of  the  coupling  rod  without  lubrication. 

The  external  diameter  of  the  stirrer  2b  is  0.8  -  1  mm  less  than  the  inner 
diameter  of  the  cylindrical  part  of  the  vessel  2a. 

The  source  of  dry  gas  (air)  consisting  of  a  2-5  liter  gas  holder  and  a 
Tishchenko  flask  of  calcium  chloride,  the  bubble  counter, and  the  tap  for  regu¬ 
lating  the  gas  flow  are  not  included  in  the  diagram. 

The  brld^  used  for  measuring  the  resistance  of  the  thermometer  is  shown 
schematically  in  Fig.  2.  Here  Rq,  R q sre  two  exactly  equal  wire  (manganin)  re- 

^)  Under  the  scientific  direction  of  Kh.  Raudsepp. 


Bistances  wound  on  a  ccwmon  frame  with  parallel  threads.  Ro  is  chosen  to  suit 
the  critical  resistance  of  the  galvanometer  used  (from  1000  to  5000  n  “ 

thermometer;  Ri  -  a  resistance  box  with  an  accuracy  of  not  less  than  0.1  -  0.2 
e.g,a  KMS-6;  Rg  -  shunt  resistance  (equal  to  ca.  0,1  of  the  internal  resistance 
of  the  galvancaaeter  resistance);.  R3  -  a  resistance  of  10-50  thousand  Q  in  series 
with  the  current  supply  (a  flash-light  battery)  calculated  so  that  the  power 
dissipated  by  the  thermometer  as  heat  does  not  exceed  0.5  x  10*^;  1,2,3)  switches 
with  good  (silver)  contacts  in  the  closed  position;  G)  a  null  point  instru¬ 
ment  (we  used  an  M-21  galvanometer  from  the  USSR  HTnistry  of  Electricity  fac¬ 
tory  and  the  experimental  workshop  of  the  Arctic  Scientific  Research  Institute, 
the  sensitivity  of  this  instrument  was  0.5  2*10“^®  A/mm  and  it  has  an  internal 

resistance  of  about  500  Q). 


l^JIhermometer;  2-vessel  for  solvent 
a  -  vessel,  b  -  stirrer,  c  -  stopper; 

3-stlrrer  drive?  a-  SD-6D  "Warren 
motor,  b-  crank  (brass),  c-  con¬ 
necting  rod  (wire'0  1  mm),  d- 
coupling  rod  (stainless  steel  0 
0.5  -  0.6  mm) J  e-  guiding  sleeve 
(glass);  beat  Insulating  flaskt 
a-  inner  test  tube,  b-  felt, 
c-  outer  test  tube,  d-  fixing 
ring  (cork),  e-  support,  f-  shot 
(lead);  5-  baths  a-  bath  (2-3 
liters),  b-  cover  (iron),  c-  felt. 


EXIERIMENTAL 


An  ordinary  mercury  thermometer  with  scale  divisions  of  0.1® 
was  used  as  a  standard  for  calibrating  the  resistance  thermometer. 

Readings  were  made  at  intervals  of  2®  with  an  accuracy  of  0.01®.  Cali¬ 
bration  was  carried  out  three  times.  Calibration  results  are  superimposed 
on  the  graph  of  resistance  against  temperature.  This  graph  then  serves 
further  for  finding  the  temperature  from,  the  resistance  measured,  ana 11 


temperature  differences  were  calculated  lay  means  of  equation  (l)^), 

having  been  calculated  from  the  calibration  results  and  a  graph  relating 
^Rav  and  Rgy  constructed  beforehand! 

At  =  log  Rg  -  log  Ri.  (t) 

°Rav 

where  At  is  the  difference  in  temperature  determinedj  Ri  and  R2  -  the  ther- 
mcMeter  resistances  at  the  two  temperatures  where  R2>  Rij  CRgy  a  vari¬ 
able  which  only  changes  slightly  with  Rav 

As  an  example  of  the  calculation  of  Cr  we  give  the  following;  ther¬ 
mometer  resistance  at  10.00®  =  ^380  Q  (log  =^3o64l5);  at  12®C  ^056  fl  (log  = 
3.6060);  we  find  from  equation  (1)  that  for  the  average  resistance  4208  Q 
C4208  =  0.01775. 

As  an  example  of  the  calculation  of  the  difference  in  temperature  from 
differences  in  thermometer  resistance, we  instance  the  following;  thermometer 
resistance  at  the  freezing  temperature  of  the  solvent  (dioxane)  4125.2  Q 
(log  =  3.61544);  at  the  freezing  point  of  the  solution  the  resistance  is  ' 
4i44.9  Jl(log  =  3.61751).  From  the  graph  we  find  that  for  Rgy ^5(i'4l4C 0,04140  = 
0.01764  (Rav  Is  rounded  off  to  the  nearest  ten).  The  temperature  difference 
is  then  found  by  means  of  equation  (l) 


3.61751  ”  3.61544  =  0.1175®C. 

=  0.01764 

where  the  fourth  place  of  decimals  is  unreliable. 

•Thiophene -free”  grade  benzene  was  purified  by  three -fold  crystalliza¬ 
tion,  so  that  half  of  the  amount  taken  was  finally  poured  off  in  the  form  of 
mother  liquor.  From  this  benzene  10^  was  distilled  off  as  moist  distillate 
[6],  the  residue  being  used  for  molecular  weight  determinations.  ”  Cryosco- 
pic’®  grade  benzene  was  dried  as  indicated  above.  In  both  cases  the  freezing 
point  of  the  dried  benzene  was  5*42-5.45®. 

”  Pure'*  grade  dioxane  was  purified  by  crystallization  as  for  benzene. 
The  dioxane  purified  by  crystallization  was  boiled  for  3  hours  with  metallic 
sodium  in  a  flask  fitted  with  an  air-cooled  reflux  condenser,  protected  from 
atmospheric  moisture  by  a  calcium  chloride  tube,  and  provided  with  a  mechan¬ 
ical  stirrer.  The  fraction  which  distilled  at  101.2-101.4®  was  used  for 
molecular  weight  determinations. 

Molecular  Weight  Determination 

Solvent  (ca.  20  ml)  is  poured  into  the  clean  flask  2  provided  for  it, 
which  has  been  dried  at  I5O-I7O®  and  cooled  in  a  desiccator  (see  also  Fig.l) 
and  is  provided  with  a  good  cork  stopper;  the  solvent  is  weigned  to  the 
nearest  0.01  g. 

By  slight  hand  pressure  and  using  the  catch, the  coupling  rod  5d  1b  con¬ 
nected  to  the  stirrer.  A  slow  current  of  dried  gas  (air)  is  passed  through 
the  bearing.  Thermometer  1'  is  connected  after  first  wiping  it  with  a  dry 
cloth.  The  solvent’  is  frozen  by  immersing  it  in  ice  water.  Having  wiped 


^  Derived  from  the  law  for  semiconductors  [5J. 

5  =  CeB/T, 

where  C  and  B  are  constants  and  e  is  the  base  of  natural  logarithms. 


the  outside,  the  vessel  containing  the  solvent  is  placed  in  the  cooling  hath 
and  the  top  part  shielded  with  a  strip  of  felt,  connecting  rod  3c  is  con¬ 
nected  to  the  coupling  rod  3d  of  the  stirrer,  and  the  motor  switched  on. 

The  resistance  box  is  adjusted  to  a  value  roughly  equal  to  the  thermometer 
resistance  at  the  solvent  freezing  point.  The  current  of  the  measuring  set¬ 
up  is  switched  on  (switch  3,  Fig.  2)  the  shunt  being  already  on  (switch  2). 
If  during  the  time  the  solvent  container  is  being  wiped  the  solvent  is  not 
heated  too  much  by  the  heat  of  the  hand,  then  the  galvanometer  needle  will 
remain  within  the  scale  limits|  otherwise  if  the  heat  is  too  much,  rapid 
cooling  of  the  solvent  in  the  ice  bath  should  be  repeated.  The  rate  of 
cooling  which  is  determined  by  the  amount  of  coolant  can  be  estimated  from 
the  displacement  of  the  galvancMeter  needle.  At  the  freezing  point.,  the 
cooling  rate  should  not  exceed  l®/5-6  minutes.  The  solvent  is  supercooled 
about  0.4-0. 6®  (the  extent  of  supercooling  can  be  judged  from  the  displace¬ 
ment  of  the  galvanometer  needle  from  the  scale  zero),  the  vessel  containing 


Fig,  2.  Bridge  used  for  measuring 
thermometer  resistance. 


/  2  J  4t  s 

Fig.  3»  Gadgets  for  introdu¬ 
cing  aliquots  of  test  material. 


the  solvent  is  then  lifted  slightly  for  5-10  seconds  so  that  the  stirrer 
touches  the  bottom.  The  onset  of  crystallization  is  indicated  by  a  rapid 
displacement  of  the  galvanometer  needle  to  zero.  The  bridge  is  then  balanced 
first  with  closed  shunt  and  then  with  open  shunt.  The  reading  of  the  resist¬ 
ance  box  at  the  point  where  its  resistance  is  equal  to  the  resistance  of  the 
thermometer  at  the  freezing  point  of  the  solvent  is  then  registered.  The  gal¬ 
vanometer  clamp  is  set  (Switch  l)  and  the  measuring  set-up  disconnected 
(Switch  3).  An  aliquot  of  the  test  material  is  then  introduced  into  the  sol¬ 
vent, and  the  thermometer  resistance  determined  again  at  the  freezing  point 
of  the  solution,  as  described  above i 

When  this  technique  is  followed  and  the  apparatus  is  la  good  working  order 
deviations  in  repeated  determinations  of  the  freezing  points  of  solvent  or  so.lu 
tlon  do  not  exceed  0.0005®. 

Before  further  use,  thermometer  and  stirrer  (  3d  »  Fig.  1)  are  rinsed  with 
pure  solvent  and  dried. 


The  method  used  for  adding  the  test  material  to  the  solvent  depends  on 
the  state  of  aggregation,  viscosity,  and  volatility  of  the  test  material. 
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Liquids  which  have  a  low  viscosity  and  are  non-voJ^tile,  or  crystalline 
solids,  are  introduced  into  the  solvent  in  a  weighed  tuhe  (Fig.  3,  1). 

Fine  crystals  are  lightly  pressed  into  the  test  tuhe  with  a  gadget  easily 
made  from  glass  (Fig.  5,  2).  Tube  plus  test  substance  are  thrown  through  the 
neck  (2c, Fig.  l)  into  the  flask;  it  remains  in  the  stirrer  cup  and  liquid 
thrown  up  from  the  opening  into  the  bottom  of  the  stirrer  rapidly  dissolves 
it.  Viscous  substances  are  introduced  into  the  solvent  by  means  of  a  boat 
(Fig.  3,  3,^)  which  is  held  horizontally  during  weighing.  The  boat  is 
fixed  to  the  neck  2c  (Fig.  l)  with  a  stopper.  (The  aliquot  is  dissolved 
by  warming  the  solvent  with  the  hand  and  shaking.  The  boat  is  then  removed 
and  the  neck  2c  (Fig.  l)  closed  with  a  stopper. 

Aliquots  of  volatile  materials  are  measured  out  in  a  clean  weighing 
pipet  (Fig.  3,  5)  in.  such  a  way  that  the  upper  bulb  remains  dry.  The  lower 
capillary  is  ’‘sealed’*  by  touching  it  to  a  l^ayer  of  relatively  high- 
molecular- weight,  dry,  viscous  oil  (e.g.,  a  lube  oil  or  castor  oil)  spread 
out  on  glass,  the  pipet  is  carefully  wiped  and  weighed.  0.01-0.02  mg  of  a 
high  molecular  weight  material  used  as  a  seal  cannot  lead  to  appreciable 
errors  in  the  determination  of  the  molecular  weight  of  a  volatile  and  con¬ 
sequently  low-molecular-weight  compound  (10-30  mg).  The  pipet  containing 
the  test  is  immersed  in  the  solvent  and  its  contents  blown  out.  Solvent 
is  sucked  up  into  the  pipet  once  or  twice  to  rinse  out  any  test  material 
remaining  in  it.  The  solvent  rinses  are  blown  out  each  time. 

Different  values  are  given  for  the  various  cryoscopic  constants  in 
different  text-books  (e.g.,  for  benzene,  values  from  5 *00  to  5 *1^)5  these 
values  are  best  determined  experimentally.  We  determined  these  constants 
for  benzene  (K  =  5-10  +  0.02)  and  diox^ane  (K  =  4.64  +  0.02).  The  solvents 
used  were  pure,  dry  naphthalene  and  phenyl  salicylate. 


TABLE  1 

The  molecular  weights  of  some  substances  determined  in  moist  and  dry 
cryoscopic  benzene  respectively 


Designation  of 
sample 

Concentration 

(11  f)  ; 

Mcjlecula] 
Dry  benzene 

"^freeze 
=  5.42®C 

i 

1 

r  weight  found  5 
Moist  benzene 

Ifreeze 
=  5.38®C 

Molecular 

weight 

calculated 

Thymol- . . 

0,3 

149.8 

148.8 

150.2 

0.6 

l^^9.3 

150.8 

1 

1.2 

151.1 

154.0 

Naphthalene.- . . 

i  0-3 

127.9 

127.7 

128.2 

j 

0.6 

127.8 

128,3 

1.2 

128.6 

i  129.5 

2-Naphthol . . 

0.3 

143.8 

147.5 

144.2 

0.6 

144.6 

148.1 

1.2 

146.2 

155.5 

Fraction  of  bituminous 

0.3 

5.12 

304 

resin  boiling  at  250- 

0.6 

314 

314 

275®  under  a  pressure 

1.2 

316 

324 

of  10  mm  Eg. . . . . 

1.2 

- 

551^) 

2.4 

— 

333^) 

^)  Determined  in  benzene  saturated  with  water  at  4®;  tfpgg2e 


=  5.34®C. 


TABLE  2 


An  example  of  the  determination  of  the  molecular  weights  of  several  test 
samples  in  the  same  aliquot  of  solvent 


Firsi 

b  Series  of  Tests  i 

Second  Series  of  Tests 

Number  of 

Total  solvent 

Molecular 

Number  of 

Total  solvent 

Molecular 

fraction 

freezing  point 

weight 

fraction 

freezing  point 

weight 

depression  in  ®C 

fourid 

depression  in  ®C 

found 

51 

0.0815 

157 

89 

0.1030 

147 

63 

0.1775 

157 

63 

0.2030 

152 

72 

0.2800 

150 

72 

0.2705 

147 

79 

0.5695 

155 

63 

0.5650 

159 

89 

0.4595 

! 

144 

51 

i  0.4785 

1  160 

TABLE  3 


Examples  of  the  determination  of  molecular  weights  hy  the  method  described 


Test  material 

1 

i 

1 

Solvent  ; 

i 

i 

ConceL - 
tration 

in  i 

Molecu-  1 
lar  wt .  ' 
found  i 

Concen- ^ 
tration 

Mol.ecu-  ■ 
lar  wt. ! 
found  1 

Molecular 
wt.  calcu¬ 
lated 

1 

Salol  i 

i 

benzene  i 

0.5 

214.2  ! 

. 

1.0 

214,6 

214.2 

Salol  ' 

dioxane  \ 

0.5 

214.0 

1.0 

214.4 

214.2 

Naphtha lene  i 

benzene 

0.3 

127.9 

0,6 

127.8 

128.2 

Naphthalene 

dioxane 

0.3 

128.0 

0.6 

128.4 

128.2 

2-Naphthol  j 

benzene 

0.3 

145.8 

1.2 

146.2 

144.2 

Thymol 

benzene 

0.3 

149.8 

1.2 

151.1 

150.2 

Th^ol  1 

dioxane 

0.3 

149.9 

0.6 

150.4 

150.2 

Dioxane 

benzene 

0.2 

89.7 

0,4 

89.6 

88.10 

Benzene  i 

dioxane 

0.2 

79.6 

0.4 

79.7 

78.1 

Stearic  acid  | 

benzene 

0.1 

289 

0.2 

360 

284.5 

Stearic  acid 

dioxane 

- 

- 

0.7 

284 

284.5 

Oleic  acid 

dioxane 

;  - 

- 

0.8 

285 

282.5 

Benzoic  acid 

dioxane 

1  0.15 

123.6 

0.8 

123.4 

122.1 

Sallcyclic  acid 

dioxane 

!  0.4 

159.5 

0.8 

140.0 

138.1 

Pyrocatechol 

dioxane 

1  0.2 

111.8 

0.8 

111.5 

110.1 

Resorcinol 

dioxane 

1  0.35 

111.3 

0.8 

111.7 

110.1 

Hydroquinone 

Methylhydro- 

dioxane 

1  0.3  1 

110.9 

0.7 

111.2 

110.1 

qulnone 

dioxane 

\  0.4 

125.0 

0.75 

125.5 

124.1 

Benzanilide 

dioxane 

1  0.2 

197.5 

- 

197.2 

Cholesterol 

benzene 

!  0.5 

578 

1.1 

578 

386.4 

Shale  oil 

benzene 

0.6 

1525 

0.9 

1495 

— 

Molecular  weights  were  calculated  by  means  of  a  formula  which'takes  in¬ 
to  account  the  freezing  out  of  part  of  the  solvent  as  a  result  of  supercool¬ 
ing 

M  _  K»G»1000  _ 

L*At(l  -  atscs7T  ^ 

where  M  is  the  molecular  weighty  K  is  the  cryoscopic  constant;  G  is  the 
weight  of  solute  in  g  ;  L  is  the  weight  of  solvent  in  g;  At  is  the  depres¬ 
sion  of  the  freezing  point  in  “C  or  ®T;  a  is  a  constant  wnich  depends  on  the  • 
thermal  capacity  and  heat  of  fusion  of  the  solvent  and  on  the  mass  and  thermal 
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capacity  of  those  parts  of  the  apparatus  which  come  into  contact  with  the 
solvent|  tgQg  “  supercooling  of  solvent  in  ®C* 

In  our  apparatus  the  value  of  a  was  0.0l4  for  benzene,  0.012  for  diox- 
ane  and  0.043  for  nitrobenzene  (calculated  from  the  results  given  in  [7])« 

Discussion  of  Results 

It  was  established  that  during  these  cryoscopic  determinations  when  the 
stirring  was  inadequate,  foam-like  crystallization  of  the  solvent  on  the  ves¬ 
sel  walls  could  be  observed,  which  affected  heat  exchange,  and  as  a  consequence 
the  freezing  point  temperature  of  the  solvent  or  solution  could  not  be  accura- 
ately  determined.  The  stirrer  we  used, however, guaranteed  intensive  stirring. 

It  is  important  that  during  these  cryoscopic  determinations  the  cooling 
bath  should  remain  steady.  The  easiest  way  of  ensuring  this  is  to  work  with 
an  ice  bath.  In  order  to  attain  a  slow  cooling  rate,  we  used  thermal  insu¬ 
lation  which  was  stronger  than  usual  (Fig.  1,  4). 

It  has  been  pointed  out  in  the  literature  [2,5]  that  measures  to  elimi¬ 
nate  the  effect  of  atmospheric  water  vapor  are  essential  when  using  hygro¬ 
scopic  solvents.  It  is  also  known, however, that  all  solvents  which  are 
reasonably  dry  are  very  hygroscopic.  E.g.,  during  successive  freezings  of 
benzene  in  the  molecular  weight  apparatus  used  under  normal  conditions,  the 
following  decreasing  values  of  the  freezing  temperature  were  obtained^  5-^205, 
5.4170,  5 •^130,  and  5»^100®C,which  indicate  absorption  of  atmospheric  water  _ 
by  benzene.  As  a  rule,  when  working  in  a  dry  atmosphere  the  solvent  freezing 
temperature  remains  a  constant  with  time. 

The  effect  of  moisture  in  benzene  on  the  results  of  molecular  weight  de¬ 
terminations  was  therefore  studied.  The  results  are  given  in  Table  1. 

The  results  given  in  Table  1  show  that  other  conditions  being  equal, 
association  is  greater  in  moist  solvent  than  in  the  dry  solvent.  It  is  also 
clear  that,  determination  of  molecular  weights  in  benzene  saturated  with  water 
at  4®  [2]  leads  to  high  values. 

The  use  of  pure  and  dry  solvents  and  small  aliquots  of  test  material  en¬ 
ables  one,  in  certain  cases,  to  use  one  aliquot  of  solvent  for  the  determina¬ 
tion  of  the  molecular  weights  of  several  substances  when  the  technique  describ¬ 
ed  above  is  used.  An  exampl.e  is  given  in  Table  2  of  the  determination  of  the 
molecular  wel^ts  of  five  chromatographic  fractions  isolated  from  bituminous 
resin;  only  one  aliquot  of  benzene  is  used.  In  the  second  series  of  tests  the 
aliquots  of  test  material  are  added  in  the  reverse  order  to  that  of  the  first. 
The  good  agreement  between  the  results  of  the  parallel  series  of  experiments 
within  the  limits  of  accuracy  of  the  method  indicates  the  absence  of  errors 
as  the  result  of  association.  The  use  of  only  one  lot  of  solvent  for  several 
determinations  is  advantageous  primarily  because  of  the  time  saved.  When 
this  method  is  used  for  polar  compounds  (phenols)  greater  deviations  were  ob¬ 
tained  between  parallel  test  series. 

Table  5  contains  results  of  molecular  weight  determinations  on  a  number 
of  pure  compounds  in  benzene  and  dioxane. 

From  Table  5  it  is  clear  that  there  is  no  need  to  extrapolate  the  mole¬ 
cular  weights  found  at  concentrations  of  solute  less  than  1  to  zero  concentra¬ 
tion  in  the  solution.  This  fact  simplifies  the  work  considerably.  It  is  evi¬ 
dent  from  Table  3  that  dioxane  is  a  good  solvent  for  the  determination  of  the 
molecular  weights  of  dihydroxy  phenols  and  carboxylic  acids. 


SUMMARY 


1.  A  new  cryoscoplc  method  of  determining  molecular  weights  has  been 
worked  out  which  involves  the  use  of  a  resistance  thermometer. 

2.  It  has  been  confirmed  that  an  important  condition  for  getting  re¬ 
producible  results  when  using  a  cryoscopic  method  is  to  maintain  heat  exchange 
constant  during  the  experiment;  this  is  attained  by  careful  heat  insulation, 
efficient  and  uniform  stirring,  and  the  use  of  a  constant  temperature  bath. 

An  apparatus  has  been  constructed  which  satisfies  these  requirements. 

5.  It  has  been  confirmed  that  it  is  essential  to  carry  out  molecular 
weight  determinations  in  a  dry  atmosphere  and  in  a  dry  solvent, 

4.  It  has  been  shown  that  there  is  no  need  to  extrapolate  results  to 
zero  concentration  of  solute  in  solvent  if  the  concentration  employed  is  low. 

5 .  It  has  been  shown  that  if  low  concentrations  of  solute  are  used, 
benzene  can  be  used  as  a  solvent  for  the  determination  of  molecular  weights 
of  mono-hydroxy  phenols. 

6.  It  has  been  shown  that  dioxane  is  a  good  solvent  for  the  determina¬ 
tion  of  the  molecular  weights  of  dlhydroxy  phenols  and  carboxylic  acids. 

7.  New  methods  have  been  worked  out  for  introducing  aliquots  of  test 
material  into  the  solvent  during  cryoscopic  determinations, which  eliminate 
loss  of  solvent  and  are  characterized  by  their  simplicity. 
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HIGH-FREQUENCY  TITRATION.  I 


VJ^.  Zar insky  and  D«I.  Koshkin 


Principle  of  the  Method  and  the  Apparatus  Used 

In  recent  years  a  number  of  review  articles  and  papers  devoted  to  ex¬ 
perimental  work  have  been  published  on  the  application  of  radio  frequency 
currents  (from  10,000  cycles  to  hundreds  of  megacycles)  to  volumetric  analy¬ 
sis  and  for  physico-chemical  research  [1-50]. 

In  this  method  the  test  solution  is  placed  in  a  thin  walled  glass  cell 
(beaker,  test  tube,  tube)  on  the  outer  wall  of  which  is  wound  either  two 
metallic  strips  insulated  from  one  another,  or  a  wire  spiral  (Fig.  1). 

A  cell  of  this  type  which  acts  in  the  first  place  as  a  condenser,  and 
in  the  second  instance  as  a  self-induction  coil,  is  connected  to  the  grid  or 
anode  circuit  of  a  high  frequency  generator. 

The  chemical  changes  set  up  during  titration  affect  the  dielectric  per¬ 
meability  and  specific  conductivity  of  the  solution,  which  determine  the 
value  of  the  total  conductivity  and  the  capacity  of  the  cell  (see  below). 

*  Relative  changes  in  the 
electrical  characteristics 
can  be  measured  (according 
CO  the  way  the  cell  is  con¬ 
nected  to  the  generator)  by 
changes  in  the  value  of  the 
anode  or  grid  current  (the 
potential  difference  as  well), 
or  changes  in  the  frequency 
generated,  or  changes  in  the 
H.F.  current  passing  through 
the  cell. 

The  equivalence  point 
during  H.F.  titration  in 
most  cases  is  determined 
graphically!  the  relative 
changes  of  one  of  the  quan¬ 
tities  mentioned  above  are 
plotted  along  theordiante, 
while  the  amount  of  reagent 
used  (ml)  is  plotted  along  the 
abscissa.  It  is  essential  to 
note  that  in  contrast  to  ordin¬ 
ary  conductometric  methods, 
the  results  of  H.F.  titration 
are  not  always  expressed  by  straight  lines;  the  curves  thus  obtained  may  have 
fairly  complicated  shapes  1 9  11,  ?53,  depending  on  the  type  of  H.F.  generator 

used  and  on  the  way  the  cell  is  connected  to  the  generator. 


Fig,  1,  Types  of  cells  and  tubes. for  H.F. 
tllti^tion  and  control. 

a,  b,  c,.  d  connected  to  generator  as 
capacities,  e  as  an  induction.  Tube  c 
is  used  for  controlling  the  circulating 
electrolyte;  Tube  d  for  sampling  of  test 
solution  titrated  in  the  beaker. 


It  is  often  emphasized  in  the  literature  that  the  accuracy  of  H.F. 
titration  exceeds  that  of  other  volumetric  methods  [l6]. 

It  is  obvious,  hovever,  that  the  accuracy  of  H.F.  titration  is  deter¬ 
mined  in  the  first  instance  hy  the  shape  of  the  curves  obtained  in  the 
neighborhood  of  the  equivalence  pointj  the  accuracy  will  be  lov  when  the 
intersection  at  this  point  is  not  very  sharp;  second,  the  accuracy  of  H.F. 
titration  depends  on  the  same  factors  which  are  also  aecisive  for  other  vol¬ 
umetric  methods  “  on  the  rate  and  completeness  of  the  reactions  which  pro¬ 
ceed  according  co  a  stoichiometric  equation,  on  the  absence  of  side  reactions 
between  reagent  and  test  material  (or  between  reagent  and  other  materials 
present)  which  could  distort  the  position  of  the  equivalence  point.  In  addi¬ 
tion,  the  apparatus  itself  has  a  considerable  effect  on  the  accuracy  of  H.F. 
titration.  In  particular,  the  use  of  the  differential  titration  method  [2] 
Increases  the  accuracy  even  for  a  smooth  shape  for  the  titration  curve  in 
the  neighborhood  of  the  equivalence  point.  Despite  a  large  amount  of  pub¬ 
lished  data  it  is  difficult  to  establish  the  practical  value  of  H.F.  titra¬ 
tion  because  of  conflicting  claims. 


Fig,  2.  Equivalent  scheme  for  a 
cell  with  two  electrodes. 


HI  Hitherto  the  physical  processes  which 

^  occur  in  solution  during  H.F.  titration 

have  not  been  studied;  there  is  no  doubt 

_ ^  that  these  processes  are  more  complex 

than  those  which  occur  during  conducto¬ 
metric  titration  in  which  comparatively 
low  frequencies  (sonic)  are  used. 

While  in  conductometric  titration 

's  changes  in  the  ohmic  resistance  of  the 

solution  are  registered,  between  the  electrodes,  during  H.F.  titrations  the 
total  resistance  of  the  cell  changes,  and  thit  resistance  is  composed  of  ac¬ 
tive  and  reactive  components  which  depend  on  the  generator  frequency,  electro¬ 
lyte  concentration,  the  area  and  disposition  of  the  outer  electrodes,  the 
thickness  of  the  glass  walls  of  the  cell  [25]  etc.  E.g.,  the  curve  for  H.F. 
conductivity  of  a  given  electrolyte  does  not  change  uniformly  with  increasing 
electrolyte  concentration  but  passes  through  a  maximum.  These  characteristics 
of  H.  F.  conductivity  curves  and  of  H.F.  titration  curves  can  be  explained  by 
the  use  of  electrical  equivalent  schemes.  A  cell  with  two  metallic  strips 
(Fig.  1  a,  b,  c,  d)  connected  to  a  H.F.  current  supply  can  be  represented  by 
the  equivalent  scheme  shown  in  Fig.  2.  Here  Ci  and  Ri  are  the  capacity  and 
resistance,  respectively,  of  the  electrolyte  itself  which  would  be  observed  if 
there  was  direct  contact  between  the  metallic  strips  and  the  solution;  Cg  is 
the  capacity  of  the  metallic  strips  and  the  dielectric  -  glass  and  g]ass/solu- 
tion  boundary. 

The  total  resistance  of  the  cell  depicted  In  Fig.  2  is  expressed  by  the 
formula 


z  = 


1  +  (oCiRi)' 


1  +  (wCiRi)'=' 


WC2 


where  the  first  expression  is  the  active  ccMponent,  while  the  second  repre¬ 
sents  the  reactive  component  z;  a;  =  2  ir  f  the  operating  frequency  of  the 
generator;  and  j  is  an  operator. 

Both  Ri  and  Cj,  which  change  during  titration#  can  be  experimentally  de¬ 
termined  (this  requires  the  use  of  a  complicated  bridge  set-up  [9])# as  well 
as  changes  in  the  coefficient  of  total  conductivity  (or  its  inverse  the  co- 


efficient  of  total  resistance)*  It  is  obvious  that  in  order  to  use  H.F. 
methods  for  analytical  purposes,  relations  hetveen  Cg,  Ri,  and  Ci  should 
he  established  for  which  changes  in  Ri  and  Ci  would  he  a  maximum,  or  show  a 
maximal  effect  on  changes  in  the  total  conductivity  or  resistance;  otherwise, 
a  H.F.  set-up  will  not  he  sensitive  to  changes  in  the  physico-chemical  proper¬ 
ties  of  a  solution  and  a  determination  of  the  equivalence  point  will  he  im- 
possihle.^) 

The  attainment  of  maximal  changes  in  Ri  and  Ci  during  titration  is  es¬ 
sential  when  they  are  measured  separately  hy  a  bridge  system  or  by  the 
method  of  heats.  In  the  case  where  the  current  passing  through  the  cell 
is  measured  with  a  micro-ammeter  we  have  to  deal  with  the  coefficient  of 
total  conductivity  (or  the  coefficient  of  total  resistance)  of  the  cell 
when  it  is  essential,  to  realize  ]]ia;x;lii!al.  changes  In  the  coe.fficient  of  the 

vector  Ri  +  y  •  “ 

Any  low  power  tube  generator  can  he  used  for  H.F.  titrations.  If  the  H.F. 
current  passing  through  the  cell  during  titration  is  being  measured,  then  the 
amplitude  of  the  H.F.  vibrations  should  he  stabilized  hy  using  a  stabilized 
source  for  feeding  the  generator. 

If  it  is  desired  to  measure  changes  in  capacity  (the  cell  is  included 
in  the  generator  circuit)  then  it  is  changes  in  frequency  that  are  considered; 
in  addition  capacity  changes  during  titration  can  he  ccMpensated  hy  using  a 
variable  condenser  at  a  fixed  frequency.  In  this  last  Instance  it  is  possible 
to  use  a  generator  with  a  tuned  loop  in  the  grid  and  anode  circuits  or  a  quartz 
generator  with  a  loop  in  the  anode  circuit. 

Capacity  changes  in  the  cell  conD.ected  to  the  anode  loop  rapidly  change 
the  operating  conditions  of  the  generator;  this  break-down  in  the  operating 
conditions  is  registered  hy  an  Indicator  apparatus,  e.g.,  a  chathocfe voltmeter 
connected  to  the  tube  grid  and  cathode.  By  using  a  variable  capacity  condens¬ 
er  it  can  again  be  adjusted  to  resonate  with  the  frequency  of  the  other loop 
or  with  the  quartz;  resonance  is  registered  by  the  indicator  apparatus. 

The  method  of  beats  can  also  be  used  for  registering  changes  in  solution; 
beat  frequency  is  measured  by  bringing  together  two  oscillations  which  come 
from  two  generators,  one  of  which  is  stabilized  with  respect  to  frequency, 
while  the  frequency  of  the  second  is  determined  by  the  loop  containing  the 
cell.  This  method  is  more  complicated  than  the  other  one,  since  it  presupposes 
a  high  degree  of  generator  frequency  stabilization,  but  it  is  more  sensitive 
and  accurate. 

In  order  to  increase  the  accuracy  and  sensitivity  of  the  H.F.  titration 
of  solutions  containing  high  concentrations  of  other  electrolytes,  the  use  of 
a  generator  operated  at  a  frequency  of  up  to  one  hundred  megacycles  has  been 
recommended  [29].  This  condition  is  determined  by  the  empirical  relation 


^)  The  electrical  behavior  of  a  cell  can  also  be  described  by  means  of  the 
total  conductivity  y  which  is  the  inverse  of  total  resistance  [25]. 


y  "  iM  +  +  C2J 

(the  legends  are  the  same  as  above). 
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Xc  =  const,  where  X  is  the  radio  wave  length  corresponding  to  maximal  ab¬ 
sorption  of  energy  hy  a  solution  of  the  given  electrolyte,  while  c  is  the 
concentration  [30]  according  to  published  dataj  a  set-up  (operating  on  the 
beats  method)  with  frequencies  up  to  ca.  300  megacycles  enables  one  to 
analyze  solutions  with  a  total  molar  concentration  of  electrolytes  in  them 
of  up  to  1  M/liter. 

EXTERIMENTAL 

Set-up  using  a  4-megacycle  generator 


.  In  the  set-up  which  we  developed  for  H.F.  titration,  a  H.F.  voltage 
(4  megacycles)  from  a  generator  (Fig.  3)  is  fed  through  a  variable  conden¬ 
ser  of  low  capacity^  which  serves  to  regulate  this  voltage,  to  one  of  the 
strips  3)  on  the  glass  tube  l)  (Fig,  4).  A  detector  4)  and  an  H.F.  choke 
coil  5)  si’e  connected  to  the  second  strip  on  this  tube|  this  choke  is  used 
to  complete  the  circuit  of  the  detector -galvanometer  with  respect  to  direct 
current . 


The  voltage  rectified  by  the  detector  is  passed  on  to  the  indicator-micio- 
ammeter;  in  order  to  make  the  readings  of  small  current  changes  more 
accurate  the  initial  deviation  of  the  micro^ammeter  needle  is  compensated 
from  the  source  of  direct  current  (compensating  element  C.E.)  (Fig.  3)  The  gen¬ 
erator  was  set  up  as  follows;  tuned  grid  —  tuned  anode  with  a  quartz  crystal  an 
the  grid  of  tube  6PZ  with  parallel  supply.  The  anode  voltage  was  stabilized' 
with  stabilivolts  SG-3  aad  SG-2.  A  comparatively  powerful  tube  was  chosen  so 


that^ the  amplitude  of  vibration  of  the  generator  changed  as  little  as  pos¬ 
sible  with  changes  of  the  load  on  the  anode  circuit  the  generator  during 
titration. 


The  H.F, Voltage  from  the  generator  to  the  cell  is  passed  through  a  coaxial 
cablei  the  voltage  from  the  detector  4  arranged  inside  the  sheathing  2,  (Fig. 

4)  to  the  microammeter  fixed  on  the  front  panel  of  the  generator  is  also  pass¬ 
ed  through  a  coaxial  cable.  The  use  of  a  coaxial  cable  for  connecting  detector 
to  microammeter  is  essential  in  order  to  eliminate  all  possible  interferences. 

A  simple  screened  cable  could  also  be  used  for  this  purpose.  ’ 

The  components  are  arranged  on  the  front  panel  (Fig.  5)  as  follows; 
the  tuning  knob  of  the  variable  condenser  of  the  anode  circuit,  1;  the  knob 
of  the  variable  condenser  of  the  coupling  between  generator  and  cell  (atten¬ 
uator),  2,;  knob  of  the  potentiometer  used  for  compensating  for  the  initial 


Fig.  3.  The. 4  megacycles  generator  used  for  R,  F.  titration. 
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Fig.  4.  Cell  set-up  for  titra¬ 
tion: 

1)  Tube  for  sucking  up  solution 
during  current  measurement; 

2)  tin  screen*  3)  a  strip  of  al¬ 
uminum  foil;  4)  detector;  5)  in¬ 
duction  coil;  6)  rubber  tube; 

7)  medicinal  syringe;  8)  beaker 
for  titration  solution;  9)  buret 


Fig.  5.  General  view  of  the  set-up 
used  for  H.F.  titration  with  a  4- 
megacycles  generator. 


deflection  of  the  galvanometer  3,  circuit  switch  4,  and  the  coaxial  outlet 
and  inlet  sockets  for  H.F.  voltage  and  microammeter,  5,  and  6,  respectively. 

The  titration  curves  obtained  with  this  instrument  are  drawn  from  the 
microammeter  readings  which  indicate  the  value  of  the  H.F.  current  passing 
through  the  solution. 

The  solution  to  be  titrated  is  poured  into  the  beaker,  8  (Fig.  4),  and 
is  drawn  into  tube  1,  for  measurement  of  the  initial  current  with  the  micro¬ 
ammeter.  After  pouring  the  solution  from  tube  1  back -again  into  beaker  8, 
a  definite  volume  of  reagent  is  added  from  buret  9)  the  contents  of  beaker 
8  are  transferred  again  into  tube  1  for  measuring  the  current,  etc. 

Results  and  discussion  of  results 

Results  of  titration  of  0.1,  0.01,  and  0.001  N  solutions  of  HCl  with 
KOH  solutions  (0.446,  0.046,  and  0.0046  N,  respectively)  are  shown  graphic¬ 
ally  in  Figs.  6,  7,  and  8. 

In  each  case  5  ml  of  the  HCl  of  the  respective  concentration  was  placed 
in  beaker  8  for  titration;  for  this  amount  of  HCl  the  amounts  of  KOH  should 
be  1.12,  1.08,  and  1.08  ml  for  the  various  KOH  strengths. 

From  the  shape  of  the  curves  in  Figs.  6,  7^  and  8,  one  can  conclude  that 
during  the  neutralization  of  a  strong  acid  (HCl)  with  a  strong  base  (KOH) 
there  is  a  decreasing  concentration  of  H"*"  which  determines  the  Increase  in 
total  cell  resistance,  and  thereby  the  fall  in  current  up  to  the  equivalence 
point  -  after  which  the  current  increases  again  as  the  total  resistance  falls 
on  the  appearance  of  excess  mobile  OH  ions. 


Fig.  9  represents  the  titration  of  10  ml  of  a  solution  of  Mohr' s  salt 
(0.0086  N  with  respect  to  Fe^^,  0.1  N  with  respect  to  H2SO4)  with  0.1  N 

KMn04|  in  the  given  instance  the  equivalence  point  determined  experimentally 
(0.85  ml  of  0.1  N  KMn04),  practically  coincides  with  the  calculated  value 
(0.86  ml) . 

The  shape  of  the  curves  during  oxidation  of  Fe^^ - Fe^^^  (Fig.  9)  ^>7 

Mn04  ions  can  also  he  explained  hy  the  disappearance  from  solution  of  mobile  H+ 
ions  bound  as  H2O  according  to  the  reaction? 

MnOf  "  +  5Fe2+  +  8Br^  - — ►  Mn^"^  +  4H20  +  5Fe®+  . 

Fig.  10  represents  the  titration  of  10  ml  of  0.01  N  Na2S203  (contain¬ 
ing  0.02  g  KI  as  another  electrolyte)  with  0,1  N  iodinej  the  equivalence 
point  determined  experimentally  (0,95  nil  0,1  N  I2),  differs  somewhat  from  the 
calculated  value  ( 1  ml  of  0.1  N  I2),  probably  because  the  intersection  of  the 
curves  at  the  equivalence  point  is  not  clear  cut  enough. 


CLif  as  a  IS  z,om\  (Uf  as  p.  is  sP 

Fig.  6.  Titration  of  5  ml  0.1  N  HCl  ‘Fig,  7.  5  ml  of  0.01  N  HCl  ti- 

with  0.446  N  KOH.  Equivalence  point  trated  with  0.046  N  KOH.  Equival- 

1.1  ml;  stoichiometric  equivalence  point  ence  point  I.08  ml;  stoichiometric 
1.12  ml.  equivalence  point  I.08  ml. 


Fig.  8.  Titration  of  5  ml  0.001  N  HCl  Fig.  10  ml  of  Mohr  solution^ 

with  0.0046  N  KOH.  Equivalence  point  (0,0086  N  with  respect  to  Fe^^,  0.1 

0.98  ml;  stoichiometric  equivalence  .N  with  respect  to  H2SO4)  titrated 

point  1.08  ml.  with  0.1  N  KMn04.  Equivalence  point 

0.85  ml.  of  0.1  N  KMn04;  stoichiome¬ 
tric  equivalence  point  0.86  ml.  • 
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During  titration  of  thiosulfate  with  iodine  the  increase  in  current  up 
to  the  equivalence  point  is  determined  by  the  Increasing  concentration  of 
mobile  1“  ions  which  are  formed  during  the  reaction.  After  the  equivalence  - 
point  the  current  increases  slowly,  as  a  result  of  increasing  KI  concentration 
present  in  the  titrated  solution  of  iodine. 

Fig,  11  represents  the  titration  of  SO^^ions  with  BaCl^.  10  ml  of  0,01  N 
H2S04  was  titrated  with  NaOH  using  Methyl  Red  as  an  indicator;  titration  with 
0.1  N  BaCla  was  carried  out  after  addition  to  the  solution  of  4  ml  ethyl  alco¬ 
hol  (in  order  to  lower  the  solubility)  and  a  few  milligrams  of  crystalline 
barium  sulfate  (to  act  as  centers  of  crystallization  for  the  BaS04  formed  dur¬ 
ing  titration) ; * ' 


Fig,  10.  Titration  of  10  ml  0.01  N 
NagSgOa  (containing  0.02  g  Kl)  with 
0.1  If  I2.  Equivalence  point  0.95 
stoichiometric  equivalence  point  1  ml 
of  0.1  N  Is. 


Fig.  12.  Titration  in  a  beaker-cell. 
Generator,  40-megacycle .  -ID  ml  of  0.1  N 
H2SO4  titrated  with  0.1  N  NaOH,  Equi¬ 
valence  point  10  ml. 


Figo  11.  Titration  of  10  ml  0.01 
N  Na2S04  (in  the  presence  JJf  alco¬ 
hol  and  crystals  of  BaS04)  with  0.1 
S  BaCl^.  Equivalence  point  0.99 
ml;  stoichiometric  equivalence 
point  1  ml. 

*1  ^The  equivalence  point  is  deter¬ 
mined  by  the  sharp  break  in  the  ti¬ 
tration  curve  at  0.99  nil  of  0.1  N 
BaCla  with  an  experimental  error  of 
ca.  1^.  As  shown  in  Fig.  11,  the 
current  remains  a  constant  to  the 
equivalence  point;  it  remains  con¬ 
stant  because  the  total  electrical 
conductivity  is  constant.  The  sul-  ' 
fate  ions  which  are  linked  with  Bap'*' 
are  replaced  in  solution  by  Cl  ions. 
The  sharp  increase  in  electricsil 
conductivity  at  the  equivalence  point 
corresponds  to  the  appearance  of  ex¬ 
cess  BaCla  in  solution 


On  the  basis  of  the  shapes  of  all  the  curves  shown  above, we  can  conclude 
that  the  electrical  behavior  of  a  solution  during  H.F.  titration  when  a  method 
involving  measurement  of  current  is  used,  is  analogous  to  its  behavior  in, 
ordinarf  conductometric  titration  [26],  In  other  words,  the  change  in  total 
resistance  of  the  cell  containing  a  solution,  as  expressed  by  formula  (l),  is 
in  this  method  determined  basically  by  the  resistance  of  the  solution  aRj^  and 
not  by  capacity  changes  ACi  during  tltratfon. 
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The  examples  adduced  here  as  well  as  other  work  carried  out  hy  us  on 
volumetric  analysis  (precipitation  reactions,  oxidation  -  reduction)  indi¬ 
cate  that  the  set-up  which  we  have  developed  can  he  used  for  analytical 
purposes.  However  the  necessity  of  transferring  the  titration  solution  from 
the  beaker  into  the  tube  for  measurement  of  the  H.F.  current  (Fig.  4)  led  us 
to  develop  a  second  variant  of  the  set-up  so  that  titration  of  the  solution 
and  measurement  of  the  H.F.  current  could  be  carried  out  in  the  same  beaker 
(beaker  4)  . 

On  attempting  to  titrate  solutions  in  the  cell-beaker  with  glass  walls 
0.08  cm  and  a  diameter  of  2.18  cm  fitted  with  two  external  metallic  strips 
1.5  cm  wide,  and  using  the  set-up  described  above  with  a  megacycle  H.F. 
generator,  we  were  unable  to  get  any  appreciable  changes  in  the  original 
value  of  the  current  as  read  on  the  microammeter . 

We  found  however,  that  on  using  a  ii-0  megacycle  H.F.  generator  the 
changes  in  the  current  passing  throu^  a  solution  contained  in  the  cell- 
beaker  described  above  were  appreciable,  and  the  equivalence  point  of 
various  reactions  could  be  determined  fairly  accurately. 

Fig.  12  depicts  the  titration  of  0.1  N  H2S04  with  0.1  N  NaOH  in  the 
cell-beaker  using  a  40  megacycle  generator.  The  equivalence  point  determined 
by  the  intersection  of  the  right  and  left  branches  of  the  curve  coincide  with 
the  calculated  value;  the  reproducibility  of  the  titration  curve  is,  however, 
not  so  good  as  that  obtained  with  a  ^4-  megacycle  set-up. 

Work  on  improving  the  40  megacycle  generator  (stabilizing  the  readings 
of  the  microammeter  during  titration)  continues. 

SUMMARY 

1.  A  set-up  has  been  worked  out  for  H.F.  titration  in  which  a  4  megacycle 
generator  is  used  in  conjunction  with  a  quartz  crystal.  Using  acid-alkali, 
oxidation  -  reductions,  and  precipitation  reactions  as  examples, it  has  been  - 
shown  that  this  set-up  can  be  used  for  volumetric  analysis. 

2.  The  nature  of  the  titration  curves  in  all  the  cases  examined  indi¬ 
cates  that  the  change  in  total  resistance  of  cell-solution  during  titration 
by  the  method  of  current  measurement  is  determined  basically  by  changes  in 
solution  resistance. 
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THE  QUANTITATIVE  DETERMINATION  OF  SULFUR  IN  ORGANIC 
MATERIALS  AND  FUELS  USING  CHROMIC  OXHE  AS  A  CATALYST 


P.N.  Fedoseev  and  RoM!.  lagoshnaya 


There  are  already  many  methods  in  t;he  literature  for  the  quantitative 
determination  of  sulfur  in  organic  materials  and  fuels,  hut  still  more 
appear  all  the  time.  On  the  one  hand^this  ;fact  shovs  that  there  m.ust  he 
drawbacks  to  the  existing  methods  of  sulfur  determination^  while  on  the 
other  hand  it  also  demonstrates  the  Importance  and  practical  significance 
of  this  analysis  in  relation  to  the  complexity  of  problems  which  contempor¬ 
ary  organic  chemistry  has  to  solve. 

The  most  widely  used  method  for  the  determination  of  sulfur  in  or^nic 
compounds  is  the  Carius  method^, which  has  been  known  for  a  long  time. 

Eshk*  s  method  is  the  standard  method  for  the  determination  of  total 
sulfur  in  fuels.  The  drawbacks  of  both  methods  are  well  known.  Analysis 
by  these  methods  takes  up  a  lot  of  time  and  requires  a  lot  of  experience. 
Determination  of  combustible  sulfur  in  fuels  is  carried  out  at  present  in 
a  combustion  tube  using  a  stream  of  air  or  oxygen 

The  determination  of  sulfur  in  organic  ccmpounds  by  combustion  in 
a  stream  of  oxygen  has  not  hitherto  been  widely  a ccepted^ despite  the  sim¬ 
plicity  of  the  method  and  the  ease  with  which  it  can  be  carried  out. 

The  reasons  for  this  state  of  affairs  are,  in  our  opinion^  as  follows? 

1,  Complications  which  arise  during  the  combustion  of  organic  materi¬ 
als^  pari  icularly  highly  volatile  one s^ in  a  current  of  oxygen  (spluttering, 
fierce  combustion).  This  often  leads  to  inccmplete  combustion  of  the  test 
sample,  with  its  consequent  effect  on  the  accuracy  of  the  method. 

2.  The  poor  absorbability  of  the  vapor  of  sulfur  trlocide  by  the  ab¬ 
sorbent  leads  to  losses  which  are  also  reflected  In  loss  of  accuracy.  In 
this  connection,  investigations  have  been  carried  out  by  various  workers  to 
remove  these  drawbacks  and  to  improve  the  method  [5.I0  These  drawbacks, 
however,  have  not  been  completely  eliminated  . 

In  our  current  work  we  have  tried  to  Improve,  simplify,  and  make  sul¬ 
fur  determinations  more  reliable  and  complete.  We  partly  succeeded  in  do¬ 
ing  this  by  using  amorphous  chromic  oxide,  which  is  readily  available,  as  a 
catalyst,  and  at  the  sam.e  time  trapped  the  reaction  products  in  a  closed, 
evacuated  flask. 

Amorphous  chromic  oxide  is  ona  of  the  most  active  catalysts  for  a 
number  of  oxidation  reactions  [6],  particularly  for  the  o:cldation  of  SC^  to 
SO3  [7]o  The  good  oxidizing  capacity  of  this  catalyst  has  been  confirmed 
during  quantitative  determination  of  carbon  and  hydrogen  [8,9]  <> 

As  our  work  has  shown,  when  excess  oxygen  is  used  in  the  presence  of 
chromic  oxide,  there  is  practically  100^  formation  of  sulfur  trloxide.  The 
use  of  a  surface-burning  catalyst  such  as  chrom.ic  OLXide  allows  the  com¬ 
bustion  rate  of  test  material  to  be  regulated,  since  combustion  proceeds  on 


tile  catalyst  surfece  without  spluttering  or  without  Ignition  of  the  sample. 
Highly  volatile  liquids  can  therefore  he  easily  determined.  Analysis  is 
carried  out  In  a  high  melting  glass  or  transparent  quartz  tube  16-20  mm  in 
diameter  and  550-750  nna  long.  Combustion  is  carried  out  In  an  empty  tubej 
the  catalyst  Is  only  spread  on  the  sample  In  a  porcelain  boat.  Combustion 
products  are  collected  In  a  vessel  which  has  been  evacuated  beforehand  and 
which  contains  a  solution  of  alkali  hydroKlde  or  sodium  carbonate  with  5^^'  HgOs* 


*  EXPERBENTAL 

The  apparatus  used  for  sulfur  determination  by  the  methbd  outlined  above 
and  which  is  Illustrated  In  the  diagram  consists  of  a  gasometer,  a  wash  bot¬ 
tle  containing  alkali  (not  shown),  the  combustion  tube  a,  a  three  way  tap  or 
clip  b,  a  thick-walled  flask  c,  capacity  1.5-2  liters,  an  electric  oven  d, 
length  350-^00  nim.  The  chromic  oxide  catalyst  is  prepared  by  the  thermal  de¬ 
composition  of  ammonium  bichromate 

(NH4)2Cr207  '  ►  Cr^Os  +  ^  N3, 

The  bulky,  light,  dark -green, amorphous  chromic  oxide  which  is  formed  is 
calcined  for  hours  at  550-600®  and  then  kept  in  a  closed  box.  Before  an 
analysis  the  combustion  tube  is  heated  in  an  oxygen  stream  at  6OO-7OO®  and 
subsequently  heated  in  the  electric  oven  up  to  750-^0®. 

25  ml  of  0.1  N  alkali  or  soda  is  introduced  into  the  flask  c  followed 
by  2-3  ml  of  3^  HsQai  the  flask  is  then  evacuated  to  IO-I5  mm  residual  pres¬ 
sure. 

Flask  c  is  connected  to  tube  a,  from  which  the  air  has  been  expelled 
with  oxygen,  tap  b  is  carefully  opened, and  a  slow  stream  of  oxygen  allowed 
to  pass. 

The  test  material  is  placed  in  boat  e  which  has  been  heated  beforehand 
in  the  oxygen  stream.  The  amount  of  test  material  should  be  0. 1-0.2  g  for 
organic  materials,  but  for  fuels  this  may  be  increased  to  0.6-0. 8  g.  larger 
amounts  are  distributed  between  two  boats.  The  contents  of  the  boat  are 
sprinkled  with  the  chromic  oxide  and  the  whole  lightly  packed  down.  The 
more  volatile  the  test  material, the  more  chrcraiic  oxide  used. 

Boat  e  containing  test  sample  is  rapidly  transferred  to  the  combustion 
tube  and  arranged  to  be  1-2  cm  from  the  electric  oven. 

Combustion  is  carried  out  as  follows s  the  oven  is  moved  onto  the  edge 
of  the  boat  an4  stream  of  oxygen  speeded  up.  After  ignition  the  oven 
is  moved  back  to  its  original  position.  The  combustion  process  is  followed 
by  means  of  the  incandescence  of  the  catalyst  surface.  The  oxygen  is  regu¬ 
lated  so  that  no  soot  is  formed.  Oxygen  is  passed  through  at  the  rate  of 
I5O-35O  ml/mlnute, according  to  the  nature  of  the  test  material. 


H  The  more  tolatile  the  test  material  the  more  oxygen  is  required  and  the 
more  carefully  must  the  analysis  he  controlled.  To  ensure  complete  com¬ 
bustion  we  recommend  an  electric  oven  which  is  -40Q-450  mm  long,  particular¬ 
ly  for  strongly  burning  materials.  In  our  work  we  used  a  250-520  mm  long 
oven  and  got  satisfactory  results  for  the  materials  tested. 


•TABLE  1 


Expt.  ' 

! 

^ ,  Sulfur 

Differ- 

No. 

Designation  of  compound  and  its  formula 

Found 

Calculated 

j  ence 

Volumetric  method 

1 

JSulfosallcvllc  acid  , 

12.46  ! 
12.45 

12.61 

12.61 

-0.15 

-0.16 

2 

Bis-  ( 1, l«dimethyl-4-pentene-3”One )- 
-sulfide  .............  o  „  . 

12.50 

12.60 

12.61 

12.61 

-0.11 

-0.01 

Gravimetric  method 

- 

3 

Naphthionlc  acid  ....o. ...... 

15.96 
l4. 10 

13-81 

13.81 

+0.15 

+0.29 

Diphenylthiourea  ............ 

15.8Q 

15.88 

14.04 

l4.04 

-0.24 

-0.16 

5 

n-Toluenesul.famide  ........... 

18.55 

18.74 

18.71 

18.71 

-0.16 

+0.03 

6 

Anhydrous  sulf&nlllc  acid  ,  ,  .  ,  »  .  . 

‘ 

18.29 

18.55 

18.51 

18.51 

-0.22 

-0.16 

7 

Thiosemicarbazide  ........... 

54.96 

54.95 

55.17 

55.17 

-0.21 

-0.22 

8 

p-Aminobenzosulfamide  ....... 

18.78 

18.80 

18. 64 

18.64 

+0.14 
■  +0.16 

9 

2-p-Aminobenzosulfamld  opyridine  .... 

12.88 

13o05 

12.86 

12.86 

+0.02 

+0.19 

10 

4-Sulfanilylsulfanilaml,de  ....... 

19.40 

19.56 

19»59 

19.59 

-0,19 

-0.03 

11 

2-p-Amlnobenz  osulfamidothlazole  „  .  , 

24.81 

24.90 

25.11 
25.11  j 

-0.30 

-0.21 

12 

Phthalylsulfathlazole  ......... 

I5h77 

15o7l 

15.89 
15.89  , 

j 

-0.12 

-0.18 

15 

2-Sulf!anllamido  -  4,6-dimethylpyrimidine 

11.59 

11.29 

11.52 

11.52 

+0.07 

-0,23 

Combustion  takes  2-3  minutes.  When  larger  amounts  of  material  are 
tested  the  time  taken  is  longer,  5“^  nLinutes. 

When  combustion  is  complete  the  boat  is  heated  for  a  further  3-*^ 
minutes,  using  a  slow  oxygen  stream.  The  combustion  products,  Including  the 
mist-like  sulfur  trioxlde,  enter  the  evacuated  flask.  For  a  high  throughput 
of  oxygen  during  canbust ion,  considerably  more  mlst-llke  sulfur  trioxide  is 
formed. 
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TA^LE  2 


1 

Designation  of  coal  sample 

^  Combustible  j 

salfur^) 

Differ¬ 

ence 

,  -1 

Found  1  Calculated; 

1 

Volumetric  finish 

Coal  W®  =  0.99|  A^  =  22.95  . .  , 

5.02 

2.95 

+0.09 

1 

*0 

00 

2.95 

+0.15 

2  1 

Coal  W®  =  8.00|  a'^  =  34.03  ......  ; 

5.44  i 

5.48 

-0.04 

i 

1 

5.30  . 

3.48  1 

-0.18 

3  ! 

Coal  =  5.86|  a^  =  18.82  ...... 

2.18  1 

2.23 

-0.05 

1 

2.27  j 

2.25 

+0.04 

4 

Coal  W®  =  2.85;  A^  =  17.25  ...... 

1.89  ' 

1.93  ! 

-0.04 

\ 

i 

2.10 

1.93  1 

+0.17 

5 

Coal  ys  o.59|  A^  =  6.90  ...... 

1.00 

0.98  1 

+0.02 

1 

1.02 

0.98  1 

+0.04 

6 

Angrensky  coal  W®  =  9*29  ...... 

2.65 

2.70 

-0.07 

AC  =  17.42  ...... 

ve  -  34.25  . 

2.60 

2.70 

-0.10 

7 

Komorovsk  coal  W®  =  6.24  ...... 

It. 93 

4.88 

+0.05 

AC  =.  55.76  ...... 

4.92 

4.88 

+0.04 

8 

vs  -  56.71  ...... 

j  Bulgarian  coal  W®  =  10. 65  ...... 

4.52 

4.56 

-0.04 

j  AC  16.99  ...... 

1  VS  56.64  ...... 

4.77 

4.56 

+0.21 

9 

!  Coal  W®  =  9.29|  ve  =  54.25  ...... 

2.53 

2.70 

-0.17 

( 

2.72 

2,70 

t0.02 

10 

Gravimetric  finish 

1 

:  Coal  W®  ==  0.961  AC  =.  17.05  ....... 

t 

‘5.27 

5.14 

+0.15 

;  vg  =  19.45  ....... 

■5.29 

5.14 

+0.15 

11 

1  Anthracite  "W®  =  1.62;  A^  =  22.51  .... 

K.76 

4.86 

-0.10 

1  v®  ”  7.9  .  .  .  . 

j4.80 

4.86 

-0.06 

Conibustit)le  sulfur  vas  calculated  from  the  difference  between  sulfur 
determined  hy  the  Eshk  method  and  sulfate  sulfur. 


After  the  oven  has  been  switched  off  and  the  pressure  in  the  apparatus 
is  low,  it  is  allowed  to  stand  for  30-50  minutes  to  allow  for  complete  preci¬ 
pitation  of  the  sulfur  trioxide  and  the  contents  of  the  flask  to  clarify  com¬ 
pletely.  The  apparatus  is  then  dismantled,  the  boat  is  withdrawn,  from  the 
tube,  the  inner  parts  of  tube  apparatus  are  washed  out  a  few  times  with  dis  - 
tilled  water.  These  washes  are  combined  with  the  main  volume  in  the  absorp¬ 
tion  flask  (flask  c) .  SOl"  is  determined  gravim.etrica.lly  or  volumetrically, 
depending  on  the  nature  of  the  test  material.  E.g.,  when  sulfur  is  deter¬ 
mined  in  compounds  which  also  contain  nitrogen  and  halogens,  nitric  acid  and 
the  hyc^ogen  halides  formed  interfere  with  volumetric  determinations.  Under 
such  conditions  sulfur  is  determined  gravimetrically. 


42 


It  is  convenient  to  carry  out  any  titrations  directly  in  the  receiver. 

For  gravimetric  determinations  the  contents  are  transferred  to  a  beaker  and 
the  receiver  washed  out  a  few  times  with  distilled  water.  The  total  volume 
of  titrant  should  be  ca.  I50  ml.  SO4  is  precipitated  with  barium  chloride. 

An  analysis  involving  a  volumetric  finish  takes  5O-6O  minutes. 

Table  1  contains  results  of  determinations  of  sulfur  in  pure  organic 
compounds  which  Illustrate  the  accuracy  of  the  method. 

The  applicability  of  this  method  for  the  determination  of  combustible 
sulfur  was  also  checked. 

Results  of  various  coal  analyses  are  given  in  Table  2. 

SUMMARY 

1.  A  method  has  been  worked  out  for  the  quantitative  determination  of 
sulfur  in  organic  compounds  and  fuels  (combustible  sulfur). 

2.  The  method  discussed  differs  from  those  described  in  the  literature 
in  that  the  gaseous  reaction  products  are  collected  in  a  closed  and  previous¬ 
ly  evacuated  receiver,  which  excludes  loss  as  a  result  of  carry  over  of  mist- 
like  sulfur  trioxide. 

5.  The  accuracy  of  the  method  lies  within  the  limits  of  0.1-0. 5^. 

4.  A  combustion  followed  by  a  volumetric  finish  does  not  take  more  than 
one  hour  . 

5.  The  technique  employed  and  the  apparatus  itself  are  simple  and  re¬ 
liable. 

6.  Materials  containing  either  high  or  low  amounts  of  sulfur  can  be 
analyzed  by  this  method. 

What  has  been  said  gives  us  grounds  for  hoping  that  this  method  may 
be  widely  used  in  laboratory  practice. 

Received  February  8,  1952.  The  Nikolaev  Ship-Building  Institute. 
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A  METHOD  FOR  THE  QUANTITATIVE  DETERMINATION  OF  OXYGEN 


DISSOLVED  IN  ANTIBIOTIC  CULTURE  MEDIUM 


Antibiotics  are  usually  produced  on  an  industrial  scale  by  deep  fermen¬ 
tation  methods.  Under  these  conditions  the  oxygen  content  of  the  culture 
medium  is  of  particular  importance  for  successful  biosynthesis.  The  supply 
of  oxygen  to  the  system  should  be  such  that  the  amount  of  dissdlved  oxygen 
is  ample  for  the  requirement  of  the  micro-organisms  and  ensures  that  fermenta¬ 
tion  proceeds  under  optimal  conditions^  i.e.  with  maximum  yield  of  antibiotic. 

Finding  out  the  most  rational  method  of  aeration  is  a  very  important  pro¬ 
duction  problem.  In  this  connection  we  undertook  to  develop  a  method  for  de¬ 
termining  oxygen  dissolved  in  the  culture  medium  of  the  antibiotics  “  penicil¬ 
lin  and  streptcMnycin.  ¥e  adopted  a  polarographlc  method  for  periodic  oxygeb 
determination.  We  used  the  dropping  mercury  electrode  as  cathode. 

Heyrovsky  [1],  has  already 
, .  shown  that  oxygen  dissolved  in 

an  electrolyte  is  reduced  on  a 
cathode  to  give  a  current-volt- 
age  curve  consisting  of  two 

^  ‘  9  waves.  The  first  wave  develops 

I  as  the  result  of  the  reduction 

I  of  oxygen  to  hydrogen  peroxide/ 

/  while  the  second  wave  develops 

3  '  J  .  as  a  result  of  the  reduction  of 

L  hydrogen  peroxide  to  water  or 

ft  "to  hydroxyl  ions. 

4  \  There  is  no  need  to  take  the 

^  ‘  J  j  ■  complete  current-voltage  curve 

/  f  for  the  quantitative  detemilna- 

'■  /  tion  of  oxygen  dissolved  in  a 

I  Jf  liquid.  It  is  sufficient  to 

^ '  r  I  -  j/J  measure  the  current  I  at  some 

A  ’  definite  voltage  E  chosen  at  a 

relatively  horizontal  part  of 
rA  curve  I,  E  (Fig,  1).  Under 

/  — -“jJl - conditions  where  there  is  a 

0  &  ^  ^  £Y  linear  relation  between  current 

and  oxygen  content  at  the  given 
potential,  it  is  possible  to 
determine  the  amount  of  oxygen 
in  the  test  solutions. 


Fig.  1.  Current'^.voltage  curve  for  peni 
clllln  culture  medium. 


A  -  original  liquid  fixed  with  phenol| 
□  -  same  saturated  with  atmospheric  oxy¬ 
gen  |  o  -  same  after  passing  nitrogen. 


In  determining  oxygen  in 
culture  medium  we  come  up 
against  two  considerable  diffi¬ 
culties.  First,  both  during 
and  after  takings  sample  of  the 
culture  medium  from  the  ferment,  uninterrupted  absorption  of  oxygen  continues 
because  of  the  respiration  of  the  mlcro-or^nism.  It  is  essential,  there  fore. 


to  sample  in  the  shortest  possible  time  and  to  kill  the  micro-organism  in 
order  to  stop  its  respiration.  The  second  difficulty  is  to  overcome  the 
fact  that  the  test  sample  must  not  come  into  contact  vith  the  gaseous  phase, 
neither  during  transfer  to  the  electrolytic  cell  -  or  in  the  cell  Itself, 
otherwise  oxygen  will  be  either  absorbed  or  given  off  by  the  test  sample. 

After  transfer  of  sample  to  cell  the  current  is  measured  at  a  definite 
potential.  A  stream  of  air  is  then  blown  through  the  cell  to  saturate  the 
culture  medium  with  oxygen/  the  current  is  then  measured  again  at  the  same 
voltage.  Nitrogen  is  next  blown  through  the  cell  to  remove  the  oxygen  com¬ 
pletely  and  the  current  which  is  determined  by  the  substances  reduced  at 
this  voltage  measured  (Fig.  1).  The  values  obtained  for  the  current  for  a 
knowa solubility  of  oxygen  at  a  given  temperature  allows  the  absolute  content 
of  oxygen  in  the  test  liquid  to  be  determined. 

EXPERIMENTAL 


Sampling  and  Fixing  Samples  of  the  Culture  Medium 

Sampling  from  the  ferment  is  done  through  a  valve  1  (Fig.  2).  A  glass 
tube  3  is  connected  to  the  valve  by  means  of  a  piece  of  rubber  hose^  tube  5 
which  is  bent  at  right  angles  ends  in  a  glass  funnel  4.  The  liquid, passing 
from  tube  5,  leaves  funnel  4  through  an  outlet  tube  5*  Initially  s(Me  cul¬ 
ture  medium  is  passed  through  the  funnel  and  a  sample  taken  through  the  needle 
of  syringe  6  fitted  into  the  glass  tube. 

A  glass  block  of  known  volume  V  is  placed  in  the  50-nil  syringe  fitted 
with  a  needle  of  ca.  1  mm  Internal  diameter  before  sampling  the  culture  medi¬ 
um/  ca..  l/lO  of  this  volume  of  a  saturated  aqueous  solution  of  phenol  is  then 
drawn  into  the  syringe  (i.e.  l/lO  of  30-V).  The  block  is  made  of  a  lump  of 
glass.  The  culture  medium  is  sucked  into  the  syringe  to  the  30  ml  mark. 

In  order  to  prevent  air  ccMiilng  into  the  syringe  or  liquid  flowing  out, 
the  needle  is  stuck  into  a  cork  and  the  solution  immediately  mixed  by  means 
of  the  glass  block,  the  syringe  being  inverted  at  least  10  times.  In  this  way 
it  is  possible  to  stop  respiration  of  the  micro-organism  rapidly,  and  to  fix 
the  content  of  oxygen  in  the  culture  medium. 

Construction  of  an  Electrolytic 
Cell.  Current  was  measured  with  a 
multiflex  galvanometer  with  a  sensi¬ 
tivity  of  6-10'"®  A.  A  Kohlrausch 
bridge  was  used  for  -adjusting  the 
potential  to  any  required  value. 
Voltage  was  measured  with  a  vol.tmeter 
calibrated  to  0.01  volts.  During 
aeration  of  the  cell,  air  was  suppli¬ 
ed  from  a  gasometer.  The  nitrogen, 
which  was  obtained  from  a  cylinder, 
was  passed  over  heated  copper  in 
order  to  remove  traces  of  oxygen. 

We  found  that  the  method  sug¬ 
gested  by  Hixson  and  Gaden  [2],  of 
taking  samples  with  a  syringe  in  an 
atmosphere  of  nitrogen, gave  low 
figures  for  the  oxygen  content  be¬ 
cause  of.  a  partial  transfer  of  oxy¬ 
gen  to  the  gaseous  phase. 

On  letting  a  0.5  M  solution 
of  sodium  chloride,  saturated  before¬ 
hand  with  atmospheric  oxygen,  into  a 
nitrogen  atmosphere,  the  polarographic 


Fig.  2.  Method  of  taking  samples  of 
culture  medium  from  the  ferment. 
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current  is  considerably  lower  than  the  current  obtained  for  the  same  solu¬ 
tion  saturated  with  oxygen  directly  in  the  cell  Itself,  This  method  is 
therefore  not  suitable, be cause  the  amount  of  oxygen  passing  into  the  gaseous 
phase  depends  on  the  amount  of  it  in  the  liquid  and  the  method  of  introducing 
the  liquid  into  the  cell.  Different  values  are  obtained  for  the  oxygen  con® 
tent,  according  to  whether  the  liquid  is  admitted  slowly  along  the  vessel  walls, 
or  rapidly  as  in  a  jet. 

We  have  developed  an  electrolytic  cell  the  use  of  which  ensures  that  the 
amount  of  oxygen  in  the  liquid  does  not  change  during  the  sampling  process 
(Fig.  3).  First  we  passed  several  volumes  of  culture  medium/  section  3  was 
then  moved  into  position,  and  the  cell  was  thereby  left  full  of  liquid  which 
was  not  in  contact  with  a  gas  phase.  In  this  way  we  managed  to  ensure  that 
the  amount  of  oxygen  in  the  test  material  did  not  change  either  on  admission 
into  the  cell  or  when  it  was  in  thb  cell  itself. 

Liquid  is  admitted  into  the  cell 
while  the  tap  1  is  closed.  The  syringe 
needle  is  fitted  into  the  capillary 
outlet  tube  2,  which  has  a  flat,  ground 
end,  and  the  culture  medium  flows  through 
this  into  the  cell,  passes  along  a  gap 
in  section  3  into  the  reservoir  and 
leaves  via  outlet  tube  During  this 
-  time  section  3  is  raised  up  a  little 
and  fitted  on  the  lugs  The  capacity 
of  the  cell  is  ca.  1  ml.  After  about 
'  3-^  times  this  volume  of  liquid  has 
passed  throu^  the  cell,  section  3  is 
lowered.  The  culture  medium  which  fills 
the  cell  does  not  come  into  contact 
with  a  gas  phase.  Contact  between 
liquid  and  air  in  outlet  tube  2  does  not 
affect  the  results,  since  the  boundary 
surface  liquid-air  is  very  small, while 
diffusion  of  oxygen  throrugh  the  liquid 
is  extremely  slow.  If  the  liquid-air 
boundary  has  to  be  eliminated  complete¬ 
ly,  a  tap  can  be  fitted  to  outlet  tube  2 


Fig.  3.  Schematic  diagram  of  the 
electrolytic  cell  used  for  deter¬ 
mination  of  dissolved  oxygen. 


A  pear-shaped  vessel  filled  with 
mercury  is  connected  to  outlet  tube  8 
by  means  of  a  rubber  tube  (not  shown  in 
the  diagram. ) .  While  the  cell  is  being 
filled  with  culture  medium,  the  mercury 
meniscus  is  arranged  to  be  at  the  bound¬ 
ary  between  the  outlet  tube  8  and  the 
cell.  While  gas  is  being  blown  through, 
the  cell  section  3  is  fitted  onto  lugs  5^snd  the  levelling  vessel  of  mercury 
lowered  ao  that  some  liquid  gets  into  tube  8.  If  this  is  not  done,  partial 
expulsion  of  the  liquid  from  the  cell  during  passage  of  gas  is  possible.  Gas 
is  led  in  through  outlet  tube  2, 


In  order  to  expel  culture  medium  from  the  cell  after  a  previous  oxygen 
determination,  section  3  is  lifted  a  little  and  tap  1  is  closed,  while  the 
levelling  vessel  plus  mercury  is  lifted  until  the  mercury  fills  all  the  cell. 
The  pear-shaped  levelling  flask  is  then  lowered  until  the  mercury  level  is 
in  the  outlet  tube  8  again.  Distilled  water  is  then  passed  through  2  to  wash 
out  the  cell,  and  the  distilled  water  itself  is  then  ejected  by  lifting  and 
lowering  the  mercury  levelling  vessel  once  more.  This  procedure  is  repeated 


a  rew  times.  Tlie  last  vashings  are  expelled  iDy  the  next  lot  of  test  culture 
medium, 

A  calomel  electrode  6  is  used  as  the  anode.  The  use  of  a  mercury  pool 
anode  is  not  suitable,  since  as  a  result  of  the  high  stabilizing  properties 
of  the  culture  medium  the  drops  of  mercury  from  the  cathode  do  not  fuse  into 
each  other,  but  form  an  emulsion  of  mercury-vater  on  the  mercury  surface, which 
affects  the  nature  of  the  anode. 

In  the  opening  in  gap  1  a  porous  glass  plate  is  fixed, and  the  opening  on 
the  cell  side  filled  wiiih  agar-agar  prepared  in  potassium  chloride  solution. 

It  is  possible  simply  to  plug  up  the  opening  in  tap  1  with  filter  paper  soak¬ 
ed  in  potassium  chloride. 

We  used  a  4  cm  long  glass  capillary  with  an  Internal  diameter  of  0.05- 
0.04  mm.  The  capillary  was  fitted  into  section  5»  As  a  consequence  of  the 
low  inertia  of  the  gal-vanometer  we  observed  vibrations  ofthe  galvanometer 
needle  during  measurement.  In  order  to  eliminate  this  we  used  a  little  glass 
spade  7^),  fixed  at  an  angle  to  the  capillary  (Fig,  5)»  When  this  little 
spade  is  used, the  limiting  size  of  the  mercury  drop  is  decreased  considerably, 
while  at  the  same  time  the  number  of  drops/unit  time  increases,  and  vibration 
of  the  galvanometer  needle  practically  disappears  [5]. 

Determination  of  Oxygen  Dissolved  in  Culture  Medium 

After  filling  the  electrolytic  cell  with  culture  medium  from  penicillin 
or  streptomycin  and  lowering  section  5  (Fig,  5), tap  1  is  opened  and  the  galva¬ 
nometer  deviation  measured  at  a  voltage  of  0.5  or  0.6  V  (Fig.  1). 

For  any  new  antibiotic  to  be  tested,  the  whole  polarographic  curve  is 
drawn  at  first.  A  suitable  voltage  is  then  selected  at  a  relatively  flat  por¬ 
tion  of  the  curve  and  subsequent  measurements  are  made  at  this  voltage. 

After  measuring  air  is  blown  through  the  apparatus  for  15  minutes  so 
that  the  liquid  layer  becomes  completely  saturated  with  oxygen.  Ii  is  then 
measured  at  the  same  voltage  as  I^.  Nitrogen  is  next  blown  through  the  solu¬ 
tion  until  a  constant  value  I^  is  obtained.  All  measurements  were  made  in 
our  case  at  25  ±  0,1®C. 

In  view  of  the  insignificant  amount  of  dissolved  material  in  the  culture 
medium,  we  assumed  that  the  solubility  of  oxygen  in  the  culture  medium  is 
equal  to  its  solubility  in  water,  viz.  2.5*10*%  in  1  liter  at  25®.  Calcula¬ 
tion  of  the  percentage  (with  respect  to  a  solution  saturated  with  atmospheric 
oxygen  at  25®)  and  absolute  content  of  oxygen  is  carried  out  as  follows: 

Percentage  content 

02  =  - - —  »100.  (1) 

li 


Absolute  content 


O2 


^x  la 
Ii  -  I2 


2,5 "10““ Moles/liter  (2) 


We  checked  the  nature  of  the  relation  between  current  and  percentage  oxy¬ 
gen  in  solution  in  culture  media  of  penicillin. 

Liquids  with  known  amounts  of  oxygen  were  prepared  by  mixing  two  samples 
of  filtered  culture  medium  in  known  projKJrt ions  s  1)  a  solution  saturated  with 
nitrogen^  2)  a  solution  saturated  with  atmospheric  oxygen.  The  liquids  were 

We  should  like  to  thank  T.A.  Kryukova  for  advice  on  the  use  of  a  mercury 
cathode  with  forced  break-off  of  the  mercury  drops. 
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mixed  in  the  syringe.  The  flasks  containing  the  two  liquids  through  which 
the  gases  were  passed  were  kept  in  the  same  thermostat  as  the  cell. 

Determinations  of  Ii  and  Is  for  liquids  containing  different  amounts 
of  oxygen  were  made  first,  and  a  curve  relating  current  to  oxygen  content  of 
the  culture  medium  drawn  (Fig.  4.) .  Fig.  4  shows  that  the  current  is  a  linear 
function  of  oxygen  concentration.  Equations  (1)  and  (2)  can  therefore  he  used 
for  determination  of  oxygen  in  the  culture  medium. 

The  presence  of  micelles  in  the 
culture  medium  leads  to  an  Increase 
in  variation  of  current  strength. 
This  is  a  consequence  of  the  fact 
that  the  micelles  alter  the  charac¬ 
ter  of  the  convection  currents 
developed  around  the  mercury  drops. 
Oxygen  is  usually  determined  in 
media  which  contain  these  micelles. 
To  get  more  accurate  results  it  is 
necessary  to  remove  micelles  hy 
filtration  or  centrifuging.  It 
follows  that  the  conditions  under 
which  filtration  or  centrifuging 
are  carried  out  must  ensure  that 
the  culture  medium  does  not  come  in¬ 
to  contact  with  air. 

An  oxygen  determination  takes 
ca.  40  minutes. 


SUMMARY 

1.  An  electrolytic  cell  is  described  which  can  be  used  for  the  determ4.n- 
ation  of  oxygen  dissolved  in  liquids. 

2.  A  quantitative  method  has  been  worked  out  for  the  determination  of 
oxygen  dissolved  in  antibiotic  culture  media. 

Received  July  6,  1953  All-Union  Scientific  Research 
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Fig.  4.  Relation  between  the  current 
which  is  a  function  of  the  oxygen  re¬ 
duced  and  the  amount  of  dissolved 
oxygen  in  the  culture  medium. 
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A  METHOD  FOR  THE  QUART  ITATIVE  DETERMIHATIQN 
OF  AIJaiiCmiOROSlIANES  IN  AIR 


E.A.  Peregud  and  N  P.  Kozlova. 


The  toxicity  of  the  vapors  of  silico-organic  compounds  poses  the  prob¬ 
lem  of  their  determination  in  the  air  of  factories  and  industrial  enter¬ 
prises  [Ij, 

Very  little  work  seems  to  have  been  done  on  the  analysi.s  of  silico- 
organic  compounds.  What  references  there  are  in  the  literature  refer  mainly 
to  the  determination  of  fairly  large  amounts  of  these  materials  in  various 
technical  products  [2,5]. 

In  order,  therefore,  to  determine  small  amounts  of  volatile  silico-organic 
compounds  in  air,  particularly  vapors  of  alkylchlorosilanes,  we  carried  out 
some  experimental  work  on  the  following  stages  of  a  preliminary  scheme  of 
ana lysis  a 

1)  'trapping  alkylchlorosilane  vapors  from  the  airf 

2)  mineralization  of  the  silico-organlc  material  and  subsequent  fusion 
of  the  residue^ 

3)  a  search  for  the  optimal  conditions  for  colorimetric  determination  of 
silica  by  the  very  sensitive  silico-molybdemim  blue  reaction. 

The  method  as  a  whole  was  based  on  this  final  colorimetric  determination 
of  silicon,  and  first  of  all  a  search  had  to  be  made  for  favorable  conditions 
of  carrying  out  the  so  called  ”  blue"  react ion, which  would  ensure  stable 
colors  and  a  correct  proportionality  between  color  obtained  and  test  material„ 
Despite  the  fact  that  getting  the  yellow-colored  heteropoly  acid,and  subsequent 
ly  forming  the  blue  product  by  its  reduction,  is  a  widely  used  method  for  the 
analysis  of  various  silicon  containing  compounds,  there  is  as  yet  not  one  uni¬ 
form  technique  of  carrying  it  out  [4]. 

The  absence  of  chemical  characteristics  for  the  individual  stages  of  the 
reaction  and  the  complexity  of  the  method  as  a  whole  may  explain  the  abundant 
variety  of  colorimetric  methods  which  are  based  on  this  reaction.  A  multi¬ 
tude  of  Ihctors  may  affect  the  ’^blue"  reaction,  but  the  reducing  agent  used 
is  of  particular  importance. 

This  can  be  explained  by  the  fact  that  while  the  reduction  reaction  of 
the  yellow  colored  compound  H4[Si(MO30io)4]'‘hHa0  is  used  for  the  determination 
of  the  central  ion  (Si),  the  color  itself  is  determined  by  the  reduction  of 
the  coordination  ion  of  the  complex  (molybdenum).  Since  the  complex  formed  is 
not  separated  from  excess  reagent  “  ammonium  molybdate,  then  it  is  essential  to 
choose  reducing  agents  and  reaction  conditions  such  that  only  the  molybdenum 
combined  as  the  complex  with  silicon  is  reduced,  and  not  molybdenum  in  excess 
ammonium  molybdate  as  well  [5]. 

Various  reducing  agents  have  been  proposed  for  getting  the  blue  reaction 
product;  sodium  sulfite,  tin  (ll)  chloride,  benzidene  acetate,  metol,  hydro- 
quinone,  amlnonaphthosulfonic  acid  in  the  presence  of  sodium  sulfide,  bi¬ 
sulfite,  and  a  number  of  others  [6,7] » 


In  our  work,  therefore,  ve  paid  special  attention  to  choosing  an  easily 
available  and  suitable  reducing  agent,  and  to  choosing  conditions  such  as 
would  ensure  stable  colors  which  are  proportional  to  the  amount  of  test 
element. 

As  a  result  of  much  work  we  chose  ascorbic  acid  in  conjunction  with  tar¬ 
taric  acid  as  the  reducing  agent  of  the  yellow-colored  complex. 

In  numerous  experiments  with  known  weights  of  silicon  (NagSiOa)  in  the 
form  of  a  series  of  standard  solutions  with  a  wide  concentration  range,  we 
obtained  colors  which  were  stable  over  many  days  and  which  were  proportional 
to  the  amount  of  silicon  in  solution.  We  became  convinced  that  tartaric  acid 
plays  an  Important  part  in  the  given  reactions 

1)  it  eliminates  interference  from  other  materials  which  give  a  similar 
blue  color  (phosphate,  arsenic)  by  destroying  their  heteropoly  acids,  and 

2)  tones  down  the  strong  reducing  properties  of  ascorbic  acid,  ensuring 
selective  reduction  of  molybdenum  in  the  complex  without  touching  excess 
molybdate. 

In  looking  for  favorable  conditions  for  the  colorimetric  determination 
of  small  amounts  of  silicon  which  are  described  in  detail  in  the  analytical 
procedure  farther  on,  we  switched  over  to  working  out  a  method  for  mineral¬ 
izing  the  silico-organic  compound  and  converting  the  silicon  dioxide  formed 
into  an  ionic  form,  which  could  give  the  yellow  -colored  compound  to  be  reduced 
to  the  silico-molybdenum  blue. 

Alcoholic  solutions  of  methyltrichlorosilane  and  dlmethyldichlorosilane 
were  used  as  test  materials.  Small  aliquots  of  test  material  were  dissolved 
in  ethyl  alcohol.,  and  from,  these  solutions  standard  solutions  of  known  initial 
concentration  of  the  alkylchlorosilanes  were  then  prepared. 

Experimental  conditions.  2  ml  of  the  alcoholic  solution  of  silane  was 
introduced  into  a  platinum  crucible  and  2  ml  each  of  distilled  water  and  con¬ 
centrated  sulfuric  acid  added.  The  crucible  was  carefully  heated  on  a  sand 
bath  the  temperature  of  which  was  gradually  increased.  When  white  vapors  had 
ceased  to  come  off,  the  crucible  was  calcined  for  a  short  time  in  a  muffle,  the 
dry  residut  was  then  carefully  mixed  with  an  anhydrous  carbonate  mixture  (NagCOa 
+  KgCOa)  and  fused.  The  fused  mass  was  leached  out  with  water,  the  solution 
was  acidified  to  a  weak  acid*  reaction  to  litmus  by  addition  of  sulfuric  acid, 
and  then  made  up  to  standard  volume  with  water.  A  known  vo.lume  of  solution  was 
placed  in  a  colorimetric  tube,  and  the  reagents  added  in  the  following  orders 
ammonium  molybdate,  tartaric  acid,  ascorbic  acid.  Co.lor  intensity  was  then 
measured  either  by  using  a  standard  series  of  solutions  prepared  from  differ¬ 
ent  amounts  of  sodium  silicate,  or  measured  in  an  electric  phot ocol.orime ter 
(see  Analytical  Procedure), 


TABLE  1 


TABIE  2 


Results  of  determinations  of  me thy 1- 
trichloros ilane 


Taken,  in  •  Found,  in  Difference,  ^ 


Results  of  determinations  of  dimethyl 
dichloros ilane 


Taken,  in  j  Found, in  i  Difference,^ 


0.872  i 

!  0.931 

106.7 

0.65i^ 

1  0.665 

101.7 

0.437 

i  0.434 

99.3 

0.327 

0.308 

94.1 

0.218 

0.213  ‘ 

1  97.7 

0.175 

1  0.172  j 

98.3 

0.087 

1  0.087 

100.0 

0.645 

•  0.601  ! 

i  93.2 

0.860 

,  0.810  1 

i  94.2 

0.860 

0.900  1 

1  104.2 

0.450 

0.420  : 

1  97. 7 

0.430 

0.420 

97.7 

0.215 

0.210 

97.7 

0.086 

0.079 

91.9 
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Tables  1  and  2  contain  results  of  determinations  of  alkylchlorosilanes 
under  our  analytical  conditions* 

Baving  completed  this  stage  of  the  investigation,  the  next  step  vas  to 
find  an  efficient  absorbent  for  the  complete  absorption  of  alkylchlorosilane 
vapors  from  the  air. 

Of  a  large  number  of  absorbents  tested,  the  best  vas  found  to  be  con¬ 
centrated  sulfuric  acid.  The  use  of  sulfuric  acid  as  an  absorbent  vas  a  very 
convenient  one, since  this  acid  is  also  used  for  mineralizing  the  test  material. 

TABIE  3 

Absorption  of  alkylchlorosilane  vapors  by 

concentrated  HgSO^. 

(Results  expressed  in  of  sil.icor  ) 


No.  of  ab-l 

sorption 

tube 


Amount 
found , 


0.564 

0 

0-435 

C.0.12 

0.264 

0.012 

0.240 

0 

0.125 

0 


0.114 

0 

0.056 

0 

0.043 

0 

0.057 

0 

0.018 

0 


Results  given  in  Table  5  characterize  the  completeness  of  absorption  of 
silane  vapors  by  concentrated  sulfuric  acid.  An  essential  condition  for  pre¬ 
vention  of  any  vapor  getting  through  is  an  even  throughput  of  air,  through 
the  absorption  tube,  of  5  liters  /hour. 

On  the  basis  of  these  tests  ve  vorked  out  the  folloving  method  for  the 
determination  of  alkylchlorosilanes  in  air. 

Analytical  Procedure.  Air  is  sampled  by  passing  it  through  2  micro-ab¬ 
sorbers  of  the  Polezhaev  type  each  containing  5  nii  of  concentrated  sulfuric 
acid.  5-10  liters  of  air,  according  to  the  expected  silane  concentration  are 
dravn  through  the  apparatus  at  a  rate  of  not  more  than  5  liter s/hour. 

By  regulating  the  throughput  vith  a  screv-clip  placed  betveen  the  last 
absorbent  tube  and  the  aspirator,  surges  can  be  avoided, and  the  air  passes 
through  the  absorbers  evenly.  In  order  to  determine  momentary  concentrations 
of  vapor  vhlch arise  in  a  short  time  under  production  conditions,  air  is  taken 
into  1  liter  vacuum  gas  pipets  containing  10  m.l  concentrated  sulfuric  acid. 

The  acid  frcmi  each  absorbent  tube  is  separately  quantitatively  transferred 
to  a  platinum  crucible  (5  ml  each  is  taken  from  the  ^s  pipets),  and  heated  on 
a  sand  bath,  first  carefully  and  then  more  strongly  until  cessation  of  vhlte 
SO3  fumes.  0.1  g  of  carbonate  mixture  1;1  (NagCOa  +  K2CO3)  is  placed  in  the 
crucible  and  3  ml  of  vater  added^  the  solution  is  mixed  and  evaporated  to  dry¬ 
ness,  and  finally  calcined.  The  melt  is  leached  out  vith  3  lots  of  5  ml  of 
hot  distilled  vater.  The  solution  is  transferred  to  a  flask  of  molybdate 
glass j  a  strip  of  litmus  paper  is  introduced  into  the  solution,vhich  is  acidi¬ 
fied  vith  1  N  sulfuric  acid  to  give  a  very  veak  acid  solution  (the  final 
acidity  of  the  solution  should  not  exceed  0.02  N),  vhen  it  is  heated  to  expel 


Ofttutl  /fensity 


carbon  dioxide.  On  cooling,  the  solution  is  made  up  to  20  ml  vith  distilled 
water  in  a  measuring  cylinder,  and  k  ml  taken  of  this  solution  for  determin¬ 
ation  of  silicon  in  a  colorimetric  tube.  Blank  determinations  are  run  from 
time  to  time  to  check  on  the  presence  of  silica  in  the  reagents  used.  The 
last  stage  in  the  analysis  is  the  colorimetric  determination  of  silicon  by 
silico-molybdenum  blue  formation. 

In  order  to  construct  a  calibration  curve,  various  amounts  from  0.1  to 
1  ml  of  a  standard  solution  of  lla2Si0^  containing  0.01  mg  Si/ml  were  intro¬ 
duced  into  a  series  of  colorimetric  tubes  to  cover  the  range  0.001  to  0  01  mg 
Si  at  intervals  of  0,001  mg.  The  volume  was  made  up  to  4  ml  in  each  case. 

0.1  ml  of  ammonium  molybdate  solu¬ 
tion^)  is  added  to  each  tube,  shaken  and 
left  to  stand  for  5  minutes  for  the  yel¬ 
low  silico-molybdenum  blue  color  to  form. 
At  the  end  of  the  five  minutes,  1  ml  of 
5^  tartaric  acid  and  0.1  ml  1^  ascorbic 
acid  are  added  to  each  tube  with  shaking. 
The  blue  color  formed  is  measured  after 
50  minutes.  The  results  obtained  are 
calculated  in  terms  of  the  number  of 
mgs  of  the  organosilane  in  1  liter  of 
air  tested,  after  taking  into  account 
all  the  dilution  factors,  etc.,  invol¬ 
ved  . 

The  high  stability  of  the  colors 
obtained  under  the  conditions  which  we 
have  suggested  for  the  formation  of 
silico-molybdenum  blue  enables  a  photocolorimetric  method  to  be  worked  out  for 
silicon. 


SUMMARY 

1,  Optimal  conditions  have  been  worked  out  for  the  determination  of  sili¬ 
con  by  the  formation  of  silico-molybdenum  blue  using  ascorbic  acid  as  reducing 
agent.  It  has  been  established  that  an  aqueous  solution  of  ascorbic  acid  in 
the  presence  of  tartaric  acid  only  reduces  molybdenum  combined  as  the  complex 
with  silicon,  and  does  not  affect  excess  ammonium  molybdate  reagent 

Under  our  conditions  the  color  obtained  is  stable  with  time  and  is  pro¬ 
portional  to  the  concentration  of  silicon  in  solution. 

2.  A  method  has  been  developed  for  the  determination  of  silicon  in  organ¬ 
ic  compounds  which  is  based  on  the  mineralization  of  the  test  material  with  con¬ 
centrated  sulfuric  acid,  fusion  of  the  residue  with  a  carbonate  mixture,  and 
colorimetric  determination  of  silicon  by  the  ‘Talue”  reaction. 

5.  A  method  is  suggested  for  the  determination  of  low  concentrations  of 
alkylchlorosilane  vapors  in  air. 

Received  April  5,  1955  The  Leningrad  State  Scientific  Research 

Institute  of  Labor  Hygiene  and  Occupa¬ 
tional  Hazards. 

1)  l8.8  g  of  chemically  pure  ammonium  molybdate  is  introduced  into  a  250-ml 
standard  flask,  dissolved  in  water,  and  80  ml  of  10  N  HsS04  gradually  added, 
and  the  solution  is  finally  made  up  to  the  250  mark. 
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A  STUDY  OF  THE  EXTRACTION  OF  CHROMIUM  AS 


lERCHROMIC  ACID  WITH  ETHER 


K.V.  TroitBky 


A  study  of  the  extraction  of  perchronLic  acid  with  organic  solvents  is 
of  essential  importance  because  the  formation  of  the  blue  colored  perchrom- 
ates  is  one  of  the  specific  reactions  forCr®'*’  which  is  often  used  in 
analytical  chemistry  for  identification  of  chromlumo 


This  reaction,  however,  has  not  been  studied  fully  enough  from  an  anly- 
tical  point  of  view,  since  the  optimal  conditions  for  extraction  using 
various  concentrations  of  acids  and  hydrogen  peroxide,  have  not  been  establ 
lished,  nor  has  the  effect  of  using  different  acids  (HCl,  HNO3,  and  HeS04) 
on  the  extraction  process  been  determined. 

When  chromates  are  oxidized  with  hydrogen  peroxide  in  sulfuric,  nitric 
and  hydrochloric  solutions,  perchromates  having  the  composition  MeCrOs  and 
possessing  a  blue  color  are  formed.  It  is  possible  to  attach  a  -molecule  of 
hydrogen  peroxide  to  the  perchromates  to  form  a  compound  MeCr05‘’H202  [IJ. 
The  blue  potassium  perchromates  have  the  composition  KHaCrOy,  and  are  ex¬ 
pressed  by  the  formula  KCrOa-HgO,  since  the  existence  of  free  hydrogen 
peroxide  has  not  been  established  in  these  compounds  [2,l4]. 


When  a  solution  containing  potassium  perchromate  is  shaken  with  ether 
or  amyl  alcohol,  the  solvent  layer  acquires  a  blue  color  file  reac¬ 

tion  leading  to  the  formation  of  blue  colored  perchromic  acid  CrOf" may  be 
expressed  by  the  following  equation  [4]; 


■i'SHgO . 


.X 


,0  - 


0^' 


Cr 


'0  - 


2- 


N 

0  0-0 


Perchromic  acid  is  more  stable  in  ether  solution  than  in  aqueoua  solu¬ 
tion. 


When  alkaline  solutions  of  chromates  react  with  hydrogen  peroxide,  red 
perchromates  MeCrOa  are  formed,  which  are  insoluble  in  ether. 

A  lot  of  work  on  the  study  of  the  peroxide  compounds  of  chromium  and  other 
elements  has  been  carried  out  by  P.  Mellkov  and  L.  Pisarzhevsky,  starting  back 
in  1897  [5^6,7].  In  order  to  detect  chromium  in  any  solution,  the  following 
method  can  be  used;  to  a  small  amount  of  a  3^  solution  of  hydrogen  peroxide 
is  added  seme  dilute  hydrochloric  acid  and  a  few  drops  of  ether,  finally  some 
of  the  slightly  acidified  test  solution  in  which  the  chromium  should  be  in  the 
form  of  the  ion  Cr^dj  is  added. 

If  the  solution  contains  a  comparatively  large  amouD.t  of  chromium  the 
ether  will  be  colored  blue,  while  for  Insign.ificiant  amounts  of  chromium  a  blue 
ring  will  be  formed  on  the  boundary  between  ether  and  aqueous  phases  [8]. 


The  color  of  the  ether  layer  persists  for  several  hours,  if  the  amount 
of  chromium  in  the  ether  layer  is  fairly  high. 

It  is  recommended  that  the  reaction  temperature  should  not  he  higher 
than  I5-I8®,  since  at  high  temperatures  extraction  of  chromium  and  the  stab¬ 
ility  of  the  blue  color  of  the  ether  layer  both  decrease  appreciably.  Using 
this  method  chromium  can  be  detected  at  a  limiting  concentration  of  1:50>000 
and  in  certain  circumstances  it  is  possible  to  detect 2.68  Cr  in  5  nil  solution, 
l.e.  at  a  limiting  concentration  of  ls2, 000,000  [9]-  Under  normal  conditions 
this  reaction  is  of  com.paratively  }.ow  sensitivity,  but  it  is  characterized  by 
high  specificity,  since  only  chromium  gives  a  blue  color  vith  ether,  and  com¬ 
paratively  few  elements  interfere  with  the  reaction. 


TABIE  1^) 


Ions  present 

Limiting 

ratios 

Limiting 
concentration 
for  chromium 

Color  of  interfer¬ 
ing  1,0ns 

Ag,  Hg,  Cu,  Pb,  Gd,  Sb^Sn'^"*’, 
Au,  Rh,  Pd,  Pt,  Se,  Mo,-  W, 

Nb,  Ta,  Al,  Fe®+,  U,  Ce 

Rare  earths,  Zr,  Th,  Be  , 
T1+,  Zn,  Mn,  Ni,  Co,  Ba, 

Sr,  Ca,  Na,  K,  Rb,  Cs 

100 -.1 

1:50,000 

Bi,  Ir,  Te,  Fe^"*-,  Tl,  Tl®+ 

15  si 

1:15,000 

Fe  and  Ti  give 
yellow  colors. 

As 

10:1 

1:10,000 

- 

V®'*’  ,  V®'*’ 

5sl 

1:5,000 

1 

Reddish-brown  color 

Results  given  in  "Reactions  and  Reagents  for  Qualitative  Analysis  of 
Inorganic  Compounds"  edited  by  A.  S.  Komarovsky,  p  109^  (1950)  are  used 
in  this  table. 


The  effect  of  the  presence  of  other  ions  J.n  solution  on  the  sensitivity 
of  the  reaction  for  determination  of  chromium  by  extraction  as  perchromic 
acid  with  ether  is  shown  in  Table  1,  [8].  Reducing  ions  affect  chromium 
determination  but  on  oxidation  of  Cr3+  to  they  are  also  oxidized. 

Ethyl  acetate  has  also  been  recommended  as  an  extracting  agent.  Cr®'*’  is  ex¬ 
tracted  at  a  pH  of  1.7,  a  concentration  of  of  0.02  mol/l.iteij  and  at  a 

temperature  of  -10®,  [10]. 

We  studied  the  extraction  of  chroml.um  with  diethyl  ether  ;from  hydro¬ 
chloric,  nitric,  and  sulfuric  acid  solutions  in  order  to  find  optimal  extrac¬ 
tion  conditions.  These  experiments  were  carried  out  as  follows^  2  ml  of  a 
solution  containing  a  known  amount  of  HgrOg  and  acid  was  introduced  into  a 
graduated  test  tube  fitted  with  a  ground  glass  stopper,  a  known  amount  of  di¬ 
ethyl  ether  plus  1  ml  of  a  K2Cr04.  solution  containing  100  y  Cr®"**  was  also  added. 

The  solutions  were  shaken  until  the  ratio  of  acid  layer  to  ether  layer 
was  3il*  If  insufficient  ether  had  been  added  originally,  then  some  m.ore  was 
added  and  the  shaking  repeated  until  the  required  ratio  of  layers  was  obtained. 
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TABLE  2 


Expt . 
No. 

^Content  ; 
in  solution 
before  ex- 

Cone. of  ;Vsoi 

solution  ^ether 

Cone. of 
chromium  ■ 

after  ex-  \ 

Dist-  ] 
ribu-  1 
tion  j 

’jo  Chro-  1 
mium 
extra c- 

Color  of  layer 
after  extrac¬ 
tion 

traction  ’ 
HCl  HgOs  ] 

before  ' 

extract- 

traction,  in  , 
y  Cr  /ml  | 

coef- 

fi-  ! 

ted  by 
ether 

hydro- 
chlor-  i 

ether 

1 

i 

i 

ion^  y  Cr/al  , 

ether 

layer 

acid  1  cient  : 
layer  :  ! 

ic  i 

* 

1 

8.0  ; 

1 

T 

0.0 

33.3 

3:1 

- 

1 

-  ! 

J 

-  i 

0.0 

i 

yellow 

, 

color¬ 

less 

2 

0.0  1 

5.1 

33.3 

3?1 

i 

' 

0.0 

reddish 

-brown 

color¬ 

less 

a.o  1 
1 

1.3 

53.3 

351 

67.4 

7.8 

8.6 

74.2 

color¬ 

less 

blue 

4 

1.0 

0.63 

53.3 

3:1 

69.7 

T*1  ’ 

9.8 

76.6 

same 

same 

5 

0.5  !o.32 

35.3 

351 

73.8 

3.6 

20.7 

88.6 

same 

same 

6 

0.25 

0.16 

33.5 

3:1 

89.2 

0.58 

155.0 

98.1 

same 

same 

7 

0.12 

0.076 

33.5 

3.1 

71.0 

4.6 

15A 

85.2 

same 

same 

a 

0.06 

0.038 

33.3 

3:1 

81.7 

3.1 

26.5 

89.8 

same 

same 

9 

0.03 

0.019 

35.3 

3:1 

69.4 

7.1 

9.7 

76.4 

pale 

blue 

same 

10 

0.015 

0.010 

33.3 

3:1 

51.6 

13.2 

3.9 

56.7 

color¬ 

less 

same 

11 

0.008 

0.005 

33.3 

3:1 

26.8 

20.5 

1.3 

32.2 

yellow 

pale 

blue 

12 

0.004 

0.003 

53.5 

5:1 

- 

0.0 

I  same 

color¬ 

less 

13") 

0.000 

0.000 

33.3 

3:1 

- 

- 

0.0 

same 

same 

Extraction  from  aqueous  medium. 


Before  extraction  33.3  yCr  was  contained  in  1  ml  solution.  The  limiting  con¬ 
centration  was  1;30,000.  Cr®'^was  determined  colorimetrically  using  diphenylcar- 
hazide  [11,12]. 

After  ether  extraction  a  sample  of  solution  was  taken  from  the  acid  layer ,and 
treated  with  solid  NasOg  in  order  to  convert  Cr^"*"  to  Cr®'*’>  the  solution  was 
evaporated  to  dryness  on  a  water  hath  and  0.2  N  HCl  added  to  give  an  acid  reac- 
tionj  this  solution  was  then  carefully  mixed  for  5  minutes  to  remove  any  traces 
of  HgOg,  after  which  1  ml  of  a  0.25^  solution  of  diphenylcarhazide  was  added  and 
the  chromium  determined  colorimetrically,  using  a  Dubose  colorimeter.  The  most 
stable  violet  color  was  obtained  in  hydrochloric  acid  solution  when  using  di- 
phenylcarbazide,  the  next  most  stable  color  was  obtained  in  solutions  of  sulfuric 
acid  and  the  least  stable  color  in  nitric  acid  solutions.  When  comparatively 
high  concentrations  (4-8^)  of  were  used  in  acid  solution,  a  blue  color  was 

formed  in  the  upper  zone  on  addition  of  K2Cr04;  this  blue  color  however  disap¬ 
peared  rapidly  on  shaking  the  solution^  during  this  process  perchromic  acid 
breaks  down  and  Cr3‘*‘  is  formed,  this  is  the  result  of  the  reducing  properties 
of  excess  HgOg. 


TABLE  3 


Expt 

No. 

^  Content 

Cone. of 

■Vi 

Cone . of 
c  hromium 

Dist- 

ribu- 

Color  of  layer 
after  extraction 

in  solution 

Cr  in 

^ether 

solution 

before 

after  ex¬ 
traction,  in 

tion 

coef- 

extrac¬ 
ted  by 

nitric 

acid 

ether 

HNO3  : 

1 

H2O2 

extra c- 

y  Cr/ml 

fi- 

ether 

tion, 

V  Cr/ml 

ether 

layer 

acid 

layer 

cient 

1 

8.0 

0.0 

55.5 

5il 

- 

- 

- 

0.0 

yellow 

colorless 

2 

0.0 

5.1 

55.5 

5a 

- 

- 

- 

0.0 

reddish- 

brown 

same 

5 

2.0 

1.5 

55.5 

5:1 

55.8 

10.0 

5.6 

67.1 

colorle$ 

blue 

k 

1.0 

0.65 

55.5 

5:1 

61.2 

8.0 

7.6 

75.5 

same 

same 

5 

0.5 

0.52 

55.5 

5:1 

64.2 

8.9 

7^2 

70.7 

same 

same 

6 

0.25 

0.16 

55.5 

5:1 

62.1 

8.0 

7.8 

7'^.5 

same 

same 

7 

0.12 

0.076 

55.5 

5:1 

60.2 

8.4 

7.2 

72.2 

same 

same 

8 

0.06 

0.058 

55.5 

5:1 

56.6 

9.7 

5.8 

67.9 

same 

same 

9 

0.05 

0.019 

55.5 

5:1 

kl.3 

15.5 

5.5 

56.8 

same 

same 

10 

0.015 

0.010 

55.5 

5:1 

19.5 

25.9 

0.8 

21.2 

yellow 

pale  blue 

11 

o.ooi<- 

0 

• 

0 

0 

55.5 

5:1 

- 

- 

- 

0.0 

same 

colorless 

12^) 

0.000 

0.000 

•  55.5 

5:1 

- 

- 

• 

0.0 

same 

same 

Extraction  from  aqueous  medium. 


These  preliminary  results  shoved  that  the  dry  salts  KsCr^Oy  and  K^Cr04  are 
not  extracted  by  ether»  this  is  confirmed  by  qualitative  tests  for  Cr®  vlth 
diphenylcarbazide . 

Table  2  contains  data  on  the  effect  of  H2O2  and  HCl  concentrations,  respec¬ 
tively  on  the  extraction  of  perchromic  acid  with  ether. 

These  results  show  that  on  changing  the  concentration  of  HCl  and  H202  in 
the  interval  2-0.02^  the  percentage  extraction  of  chromium  by  ether  changes 
from  7^  "to  98*  The  optimal  conditions  for  chromium  extract ion  are  observed  at 
a  content  of  HCl  and  H2O2  of  O.I5  to  0.25^.  At  lower  concentrations  of  HCl 
and  H202  the  extraction  of  chromium  deteriorates,  since  under  these  conditions 
only  partial  formation  of  perchromic  acid  occurs.  When  chromic  acid  is  ex¬ 
tracted  with  ether  from  neutral  solutions  containing  H2O2,  the  solution  is 
colored  a  reddish-brown  as  a  result  of  the  formation  of  alkali  salts  of  per¬ 
chromic  acid  which  are  insoluble  in  ether  [15].  Cr®^  and  Cr®^  are  not  ex¬ 
tracted  at  all  with  ether  if  neutral  or  weakly  acid  solutions  which  do  not 
contain  H2O2  are  used. 

Table  5  contains  results  for  the  extraction  of  perchromic  acid  from 
nitric  acid  solutions  with  ether. 

Extraction  of  perchromic  acid  from  nitric  acid  solutions  is  not  so  good 
as  fron  hydrochloric  acid  solutions,  the  optimal  chromium  extraction  being 
only  75^  ia  the  former. 

Chromium  extraction  with  ether  ranges  from  67-75^  within  a  wide  concen¬ 
tration  interval  (2.0-0.04^). 
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TABLE  4 


Expt 

No. 

^  Content 
in  solution 

Cone. of 
Cr  in  i 

Vsol 

Dist- 

ribu- 

<fo  Chro- 

Color  of  layer 
after  extraction 

^ether 

mium 

before  ex¬ 
traction 
H^SOa ' 

solution; 
before  | 
extra c- 

after  ex¬ 
traction,  in 

V  Cr/ml 

tion 

coef- 

fi- 

extrac¬ 
ted  by 
other 

sulfuric 

acid 

ether 

tion. 
y  Cr/ml 

sther 

layer 

acid 

3ajer 

cient 

1 

8.0 

0.0 

35.3 

3sl 

- 

- 

0.0 

yellow 

colorless 

2 

0.0 

5.1 

33.3 

3:1 

- 

0.0 

reddish- 

brown 

same 

3 

2.0 

1.3 

35.3 

3a 

50.6 

12.3 

4.1 

60.7 

colorfess 

blue 

4 

1.0 

0.65 

33.3 

351 

52.3 

12.9 

4.05 

57.5 

same 

same 

5 

0.5 

0.52 

33.3 

351 

59.6 

10.5 

5.7 

65.5 

same 

same 

60 

0.25 

0.16 

33.3 

3sl 

55. 

10.5 

5.3 

66,5 

same 

same 

7 

0.12 

0.076 

33.3 

351 

59.6 

7.0 

8.5 

77.5 

same 

same 

8 

0.06 

0.058 

33.3 

5sl 

55.8 

10.3 

5.4 

67.0 

paleblue 

same 

9 

0.015 

0.010 

33.3 

351 

21.6 

23.1 

0.94 

26.0 

pale 

yellow 

pale 

blue 

10 

0.008 

0.005 

33.3 

3sl 

- 

- 

- 

0.0 

yellow 

colorless 

11^) 

0.000 

0.000 

33.3 

3s  1 

- 

0.0 

same 

same 

•^ )  Extraction  from  aqueous  medium. 


At  very  low  concentrations  of  HNO3  and  HaOa#  chromium  extraction  deterior¬ 
ates,  since  insufficient  amounts  of  'S3O2.  HNO3  are  in  solution  to  ensure 
formation  of  perchrcHiiic  acid. 

Table  4  contains  results  of  extraction  of  perchromic  acid  from  sulfuric 
acid  solutions  with  ether. 

For  a  content  of  0.5-0.05^  of  H2SO4  and  HgOg  in  the  original  solution,- 
65-77^  of  chromium  is  extracted.  Extraction  of  perchromic  acid  from  H2SO4  solu¬ 
tions  is  inferior  to  extraction  frcm  either  HCl  or  HNO3  solutions. 

The  author  wishes  to  express  his  thanks  to  Corresponding  Member  of  the 
USSR  Academy  of  Sciences  I.  P.  Allmarln  for  his  valuable  advice. 

SUMMARY 

1.  When  micro  amounts  of  chromium  yCr/ml)  are  extracted  as  per¬ 

chromic  acid  with  ether the  best  results  are  obtained  when  hydrochloric 
acid  is  used|  nitric  acid  is  inf erior,  while  sulfuric  acid  is  the  poorest 

of  all  three. 

2.  The  highest  percentage  extraction  of  micro-amounts  of  chromium  with 
ether  is  attained  by  using  comparatively  low  concentrations  of  acid  and  hy¬ 
drogen  peroxide  in  solution  (0.1-0. 5^). 

The  V.  I.  Vernadsky  Institute  of  Geochemistry  Received  June  4,  1953. 

and  Analytical  Chemistry,  Acad.  Sci.,  USSR 
Moscow 
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A  SPOT  TEST  FOR  COBALT 
G.  S.  Goldberg 

Leningrad  Institute  of  Stomatological  Medicine 

More  than  80  reactions  have  been  put  forward  for  the  determination 
of  cobalt.  Only  few  of  them, however^ can  be  used  as  a  spot  test  for  its 
detection.  For  this  purpose  ammonium  thiocyanate  is  usually  used,  and 
then  only  in  conjunction  with  organic  solvents  and  masking  materials.  Of 
the  other  cobalt  reagents,  the  most  suitable  for  spot  tests  are  the  fol¬ 
lowing;  potassium  nitrite,  ammonium  tetrathiocyanomercurate,  isonitroso- 
acetophenone,  2-nitroso-l-naphthol-4-sulfonic  acid,  dlphenylthiocarba- 
zone  (dlthlzone),  and  dithlo-oxamide  (rubeanic  acid). 

Recently  two  more  reagents  have  been  added  to  this  lists  dlmethyl- 
glyoxlme  [1],  and  nicotine-thiocyanate  reagent  [2j. 

According  to  our  experiments  thiourea  can  also  be  used  as  a  spot 
reagent  for  cobalt. 

Thiourea  forms  with  cobalt  salts  brightly  colored  complexes  which 
are  soluble  in  water  and  organic  solvents.  The  following  thiourea  ccm- 
plexes  of  cobalt  are  knowns  [C02(CSN2H4)7]Cl4  with  a  blue-black  color, 
[Co(CSN2H4)4] (N03)2  with  a  blue-green  color,  and  [C02(CSN2H4)3 J(S04)2 
with  an  intense  blue  color  [3].  They  all  dissolve  in  alcohol,  acetone, 
and  other  organic  solvents  to  give  blue  colored  solutions.  At  high  con¬ 
centrations  their  aqueous  solutions  are  colored  blue,  blue-green,  and 
green  respectively,  while  their  dilute  aqueous  solutions  are  colored  a 
pale  rose. 

According  to  K.  B.  Yatsimirsky  [4],  thiourea  gives  complexes  with 
all  cations  which  show  a  tendency  to  form  covalent  bonds.  It  is  of  inter¬ 
est,  however,  that  of  the  cations  of  the  usual  analytical  groups  only  two 
form  brightly  colored  compounds  with  thiourea,  viz.,  cobalt  and  bismuth. 
This  is  the  basis  for  the  use  of  thiourea  as  a  spot  reagent  for  cobalt. 

EXPERIMENTAL 

Detection  of  cobalt  by  means  of  thiourea  with  a  known,  reaction  sensi¬ 
tivity  was  carried  out  with  pure  solid  cobalt  nitrate  by  trituration  [5], 
and  with  aqueous  solutions  of  varying  concentrations.  Solid  cobalt  ni¬ 
trate  was  '‘diluted”  by  mixing  it  with  sodium  nitrate. 

I.  Cobalt  was  easily  detected  by  means  of  thiourea  as  its  solid 
salt,  as  follows.  A  few  grains  of  test  material  were  triturated  in  a  mor¬ 
tar  with  2-3  crystals  of  thiourea.  When  cobalt  is  present  the  mixture  is 
colored  blue,  blue-green,  or  green  according  to  the  amount  of  cobalt 
present. 

Limit  of  identification  0.31  MgcoLalt.  Minimal,  concentration  Is 
1; 460, 000. 

The  reaction  sensitivity  can  be  increased  somewhat  (the  color  is 
brightened)  if  the  triturated  mixture  of  test  material  plus  thiourea  is 
moistened  with  a  drop  of  acetone. 


II.  Cobalt  can  be  detected  in  aqueous  solution  by  the  reaction  suggested, 
by  tvo  methods: 

1)  Some  dry  thiourea  in  a  test  tube  is  moistened  vith  1-2  drops  of  test 
solution  and  heated  gently.  If  cobalt  is  present  the  mixture  will  be  colored 
blue  or  green. 

Limit  of  identification  l,25Mg cobalt.  Minimal  concentration  l;il-0,000. 

2)  1  ml  of  test  solution  is  mixed  in  a  test  tube  with  1  ml  of  a  saturated 
aqueous  solution  of  thiourea  and  the  mixture  heated  to  the  boil.  A  strip  of 
filter  paper  is  then  dipped  in  the  solution,  removed,  and  dried  carefully  over  a 
hot  plate  or  burner.  If  cobalt  is  present  the  paper  will  be  colored  blue,  em¬ 
erald  green,  or  light  green  according  to  the  cobalt  concentration  of  the  solu¬ 
tion. 

Limit  of  identification  2.5 MS  cobalt.  Minimal  concentration  1:20,000. 

III.  The  application  of  this  reaction  to  the  detection  of  cobalt  in  the 
presence  of  other  cations  was  checked  on  a  series  of  solutions  of  the  following 
cations:  NH^,  Li'*',  K^,  Na'*',  Rb'*',  Cs'*',  Mg^  ,  Ca^^,  Ba^'*',  Sr^  ,  Fe^  ,  Fe^'*',  Zn^  , 

Al^'*',  Ni^'*',  Cr^'*',  Mn^'*',  Ag'*',  Hg'*',  Hg^'*',  Cu^'*',  Pb^'*',  Cd^'*',  Bi®'*',  Sn^'*',  Sb®'*', 

Ce^'*',  Zr^'*',  UOi'*’  and  Th^'*'. 

The  following  points  were  established: 

1)  Of  these  cations  Bi®'*^,  Cu^^,  Ni^^,  and  Cr®'*^  interfere  with  the  detec¬ 
tion  of  cobalt  by  the  use  of  thiourea  using  a  trituration  method. 

Bismuth  forms  a  bright  yellow  or  orange  colored  con^plex  with  thiourea, 
which  masks  the  blue  (or  green)  cobalt  complex  color. 

Ions  of  copper,  nickel,  and  chromium  in  amounts  exceeding  that  of  cobalt 
in  their  mixtures  interfere  with  cobalt  detection  by  virtue  of  the  characteris¬ 
tic  blue  color  (of  Cu)  and  green  colors  (Ni  and  Cr)  of  the  ions  themselves.’ 

When  the  amount  of  cobalt  in  solution  is  greater  than  any  of  the  others,  inter¬ 
ference  on  the  part  of  copper  can  be  eliminated  completely,  while  interference 
on  the  part  of  nickel  and  chromium  can  be  reduced  considerably.  When  excess 
thiourea  is  used,  the  copper  on  trituration  with  the  reaction  mixture  forms  a 
white  complex  with  thiourea,  while  nickel  and  chromium  -are  ccMplexed  to  give 
pale  green- yellow  compounds.  In  this  form  copper  does  not  interfere  with 
cobalt  detection  at  all.  Nickel  and  chromium  can  be  tolerated  if  the  ratio 
Co:Ni;Cr  is  not  less  than  20:1:1^  the  sensitivity  of  the  reaction  is  lowered  to 
1.4  jig  cobalt. 

2)  Only  bismuth  Interferes  with  the  detection  of  cobalt  when  the  method 
involving  the  soaking  of  dry  thiourea  with  test  solution,  or  the  filter  paper 
technique  is  employed. 

3)  With  the  exception  of  Bi®^,  Ni^^,  Cu^^  and  Cr^'*^,  the  remaining  26 
elements  listed  above  do  not  interfere  with  the  proposed  spot  reaction  for 
cobalt,  nor  do  they  lower  the  reaction  sensitivity.  Independently  of  the  ratio 
between  their  amounts  and  that  of  cobalt  in  their  mixtures. 

SUMMARY 

1.  A  new  spot  test  for  ccbalt  is  proposed  which  is  based  on  the  formation 
of  colored  compounds  with  thiourea. 

2.  Three  techniques  are  outlined  for  carrying  out  this  reaction  for  cobalt, 
in  solids  and  in  solution. 

3.  The  selectivity  and  sensitivity  of  the  reaction  have  been  determined. 

Received  July  21,  1952. 
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COPPER  AS  AN  ABSORBENT  FOR  HALOGENS  AND  HYDROGEN 


SULFIDES  FOR  THEIR  DETERMINATION  IN  AIR 

P.  M.  Sadovsky 


An  essential  drawback  of  the  standard  method  of  determining  CO  in  the 
air  of  industrial  premises  for  sanitary  control,  (GOST  5612-50)3-  is  the  in¬ 
stability  of  the  baryta  standard, which  has  accordingly  to  be  checked  daily 
under  the  experimental  conditions  (controJ.  test)  and  which  leads  to  un¬ 
certainty  and  to  a  decrease  in  accuracy  of  the  experimental  results, 
especially  for  low  CO  concentrations  in  the  air„ 

A  study  of  the  apparatus  used  for  CO  determinations  under  various  con¬ 
ditions  :)fheating  the  I2O5,  throughput  of  airland  loading  of  the  apparatus 
(with  respect  to  CO  concentration),  enabled  us  to  establish  that  one  of  the 
reasons  for  low  baryta  titers  in  the  control  test  is  the  partial  neutral¬ 
ization  of  baryta  by  iodine,  since  the  latter  is  only  weakly  held  by  the 
potassium  iodide,  the  iodine  drawn  through  with  the  hot  air  into  the  baryta 
solution  forms  BaIg  thereby  lowering  the  titer.  The  fact  that  I2  is  trans¬ 
ferred  b^  the  air  stream  from  the  potassium  iodide  solution  into  the  baryta 
solution  is  easily  confirmed^  thus,  if  pure  hot  air  is  blown  through  the 
apparatus  and  a  piece  of  starch  paper  is  placed  at  the  outlet  tube  from  the 
KI  absorption  tube,  then  after  a  short  time  interval  the  paper  starts  to 
turn  blue  and  becomes  more  intense  the  greater  the  amount  of  Ig  in  the  KI. 

According  to  GOST  5^12-50  metallic  mercury  can  be  used  for  absorption 
of  I2  instead  of  KI;  the  use  of  mercury  is,  however,  not  suitable  for  many 
reasons!  on  the  basis  of  the  similarity  between  the  behavior  of  Hg  and  Cu 
towards  halogens,  therefore,  we  decided  to  use  pure  (electrolytic)  copper 
in  the  form  of  turnings  as  an  I2  absorbent „ 

A  preliminary  test  with  copperas  absorbent  showed  that  the  copper 
turnings  completely  and  firmly  held  the  Passage  of  dry  air  containing 

I2  vapors  through  the  copper  turnings  turns  the  copper  black  as  the  result 
of  absorption  of  I2  which  is  subsequently  slowly  reduced  to  form  Cul,  and 
the  black  color  of  the  copper  turns  grey  (Cul  is  white).  If  there  is 
water  vapor  in  the  test  air  containing  icdine  the  reduction  of  the  iodine 
is  rapid  and  the  copper  turnings  are  covered  with  a  white  layer  of  Cul, 

Copper  in  damp  a lx  combines  with  atmospheric  CO2  to  form  a  basic 
copper  carbonate.  According  to  our  observations,  pure  copper  turnings,  on 
keeping  for  many  weeks  in  test  tubes  under  the  micro  climate  of  the  lab¬ 
oratory  did  not  combine  with  C02,and  the  hygroscopic ity  of  the  turnings 
was  practically  nil. 

It  follows  naturally  that  copper  turnings  can  be  used  for  absorption 
of  the  other  halogens  as  well  as  I2. 

Experiments  in  which  air  contaminated  with  H2S  was  passed  through 
copper  turnings  showed  that  H2S  could  be  completely  absorbed  with  forma¬ 
tion  of  CuS  for  a  fairly  rapid  throughput  of  air, which  would  enable  copper 
absorbents  to  be  used  for  the  determination  of  H2S  in  air. 

The  copper  absorbent  is  easily  prepared*  8-10  g  of  pure  copper  turn¬ 
ings  freed  from  dust  by  sieving  through  a  silk  sieve  or  by  elutriation 
with  ethyl  ether  are  placed  in  a  V-shaped  tube  with  an  internal  diameter 

^)  GOST  ■=  All-Union  State  Standard. 
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of  2-5  mm,  the  tube  is  stoppered  with  porous,  fibrous  asbestos,  and  the  ab¬ 
sorbent  tube  is  ready*  The  tube  is  dried  in  a  desiccator  or  in  a  drying 
oven  at  a  temperature  not  greater  than  100®,  since  CuO  is  formed  at  higher 
temperatures. 

Metallic  copper  in  the  form  of  turnings  or  dust  can  also  be  used  for 
the  extraction  of  free  halogens  (as  their  respective  copper  salts)  from 
their  aqueous  solutions. 

We  could  not  find  any  references  to  the  use  of  metallic  turnings  for 
the  absorption  of  gases  and  vapors  in  practical  chemical  analysis  in  the 
literature  at  our  disposal. 

Received  May  20,  1955 
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DISCUSSION 


THE  ADDITIVITY  OF  REFRACTION  DJSIERSION  AND 
A  COMPARATIVE  EVALUATION  OF  DISPERSOMETRIC  METHODS  OF 
lETERMINING  AROMATIC  HYDROCARBONS^) 

B.V.  Ioffe 


The  Chemical  Institute  of  the  lenin  Leningrad  State  University. 


In  the  article  hy  B.  A.  Kazansky  et  al  [1]  it  is 'suggested  that  a  func¬ 
tion  of  refraction  dispersion  which  is  an  original  combination  of  the  well 
known  Lorentz-Lorentz  and  Gladstone~Dahl  formula; 
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be  used  for  the  determination  of  aromatic  hydrocarbons. 

The  method  suggested  by  Kazansky  is  very  similar  to  the  relative  dis¬ 
persion  which  we  suggested,  worked  out,  and  published  in  a  series  of  articles 
during  19^6-1950  [2, 3, ^,5-6, 7,8*]  Our  method  ifi  based  on  the  use  of  the  values 
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Before  introducing  this  new  method,  one  should  carefully  assess  the  e:x;peri 
mental  results  obtained  by  both  methods  on  the  same  materials  and  under  iden¬ 
tical  conditions.  Kazansky  et  al.  [1],  however,  confined  their  references  to 
our  first  paper  [2j,  containing  a  description  of  an  earlier  variant  of  the 
method  developed  for  use  with  an  Abbe  refractometer.  The  articles  which  fol¬ 
lowed  and  which  were  devoted  to  developing  the  method  to  make  it  more  accu¬ 
rate,  and  also  to  check  the  method,  are  not  mentioned  at  all.  Even  in  19^6 
we  proposed,  and  subsequently  described  in  detail  an  improved  vari¬ 

ant  of  the  method  which  we  designed  for  accurate  work  with  a  Pulfrich  re- 
fractometer  requiring  measurements  of  only  two  (and  not  three)  refractive 
indices  np  and  nQ.  The  use  of  w  instead  of  ‘^pcp  or  makes  the  rela¬ 
tive  dispersion  method  even  more  simple  and  convenient,  since  it  requires 
only  one  source  of  light  instead  of  two,  and  also  cuts  down  the  time  required 
for  carrying  out  measurements  and  calculations. 

While  keeping  quiet  about  our  recommendations  re  the  use  of  ‘^pc  in  dis- 
persometrlc  analysis  and  considering  the  comparative  value  of  the  functions 
and^^p,  B.  A.  Kazansky  et  al.  [1]  prefer  the  letter.  The  only  basis 
for  this  preference  is  their  affirmation  that  the  values  of  for  hydro¬ 
carbon  mixtures  follow  the  additivity  rule  better  than  a>p^jyand  consequently 
in  the  analysis  of  benzene  and  toluene  fractions  there  is  no  need  to  introduce 
corrections  for  deviations  from  additivity. 

^)  A  discussion  of  an  article  by  B.  A.  Kazansky,  M.  I.  Rozengart,  0.  D.  Ster- 
ligov,  and  G. A. Tarasov  [l]. 
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The  conclusion  re  the  strict  additivity  of  Wp  in  the  work  cited  [1], 
is  drawn  on  the  basis  of  their  own  results  for  four  systems  and  of  a  dis¬ 
cussion  of  G.  S.  Pavlov’s  results  for  the  system  benzene -cyclohexane. 
Nevertheless  G.  S.  Pavlov’s  very  reliable  results  do  not  confirm  the  con¬ 
clusion  drawn  in  [1]  re  the  additivity  of  on  the  contrary  they  contra¬ 

dict  it.  The  wrong  interpretation  of  these  results  by  Kazansky  is  apparent 
ly  the  result  of  mistakes  in  their  calculations.  Table  1  contains  the  re¬ 
sults  of  our  calculations  which  show  that  in  the  given  system,  the  values 
of  exhibit  a  systematic  positive  deviation  from  additivity^  which  is 
several  times  greater  than  the  possible  experimental  error. 


TABLE  1 

Deviation  of from  additivity  in  the  system  benzene-cyclohexane 


(Calculated  from  G.S.  Pavlov’s  results  [9]) 


Benzene  content  \ 
^  weight 

P 

Value  of  ^ 

Deviation  of  ‘^r 
from  additivity 

Ap 
in  ^ 

Experimental 

Additive 

0 

92.0 

— 

- 

- 

il-.6l 

95.5 

95.3 

+0.2 

+0.5 

10.09 

100.3 

99.3 

+1.0 

+1.3 

15.69 

104.9 

105.4 

+1.5 

+2.1 

20.11 

107.1 

106.6 

+0.5 

+0.7 

25.18 

111.2 

110.5 

+0.9 

+1.2 

29.98 

114.8 

115.8 

+1.0 

+1.3 

55.38 

119.1 

117. 7 

+1.4 

+1.9 

37.21 

120.3 

119.0 

+1.3 

+1.8 

^4-5. 09 

126.1 

124.7 

+1.4 

+1.9 

49.58 

129.2 

127.9 

+1.3 

+1.8 

54.90 

133.1 

151.8 

+1.3 

+1.8 

60.04 

137.1 

135.5 

+1.6 

+2.2 

65.53 

i40.5 

139.'* 

+1.1 

+1.5 

70.21 

144.6  ' 

i42.9 

+1.7 

+2.3 

74.76 

147.5 

146.2 

+1.5 

+1.8 

80.16 

150.6 

150.1 

+0.5 

+0.7 

84.96 

l5‘^.5 

153.6 

+0.9 

+1.2 

90.19 

157.8 

157.** 

+0.4 

+0 . 6 

94.96 

161.1 

160.8 

+0.5 

+0.4 

100 

164.5 

4 

— 

The  value  of  AP  adduced  in  the  last  column  of  Table  1  characterizes  the 
errors  which  arise  during  calculation  of  the  benzene  content  by  means  of  the 
additivity  rule  for  It  is  not  difficult  to  see  that  "their  errors  are  al¬ 

ways  on  the  high  side,  and  lead  to  inadmissible  errors  of  2-2.3^  absolute.  Our 
results  for  the  system  benzene -cyclohexane  and  also  for  11  other  systems  con¬ 
taining  aromatic  hydrocarbons  mixed  with  saturated  hydrocarbons  [6,  8,  10),  as 
given  in  Table  2  are  in  complete  agreement  with  the  conclusion  to  be  drawn  from 
the  results  given  in  Table  1. 

In  each  system  we  usually  examined  4  mixtures  with  contents  of  aromatic 
hydrocarbons  of  20,  40,  60,  and  80^  (roughly)  which  are  designated  in  Table  2 
by  numbers  in  order  of  increasing  aromatic  hydrocarbon  content.  In  order 
to  economize  on  space  in  Table  2,  only  the  values  of  the  errors  in  aromatic 
content  obtained  by  calculation  according  to  ‘"r  by  the  method  recommended 
in  the  article  considered  [1],  are  included.  All  the  original  results  for 
these  calculations  are  incorporated  in  our  other  papers  [6,8, lOJ. 
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TABLE  2 

-Errors  in  concentration  of  aromatic  Ijydrocarbons  vhen  calculations  are  made 
on  the  assumption  of  the  additivity  of  ‘^r 


Components  of  the  mixtures 

Errors  CAP)  in  1 

Mixture  j 
|No  .  1  1 

Mixture  I 
1  No.  2  1 

1  Mixture 
No.  3 

Mixture 

No.  4 

Benzene,  cyclohexane  [8] 

:  +0.8  1 

! 

i  +2.2 

+2.2 

+1.5 

Benzene,  n-heptane  [6]  : 

1  +1.0  j 

'  +2,0 

+1.1 

- 

Benzene,  2,2,4-trimethylpentane[8]  \ 

!  +0.9  1 

+2.0 

+1.6 

+1.7 

Toluene,  n-heptane  [6]  j 

+2.4 

+2.2 

+2.4 

- 

Toluene,  methylcyclohexane  [10]  | 

+2.4 

+2.8 

+2 . 1 

+2.5 

Ethylbenzene  n-octane  [10]  1 

+0,3 

+2.0 

+2.2 

(  +1.3 

n-Xylene,  n-octane  [10]  1 

+1,6 

+2.4 

+2.7 

1  +1,1 

Cymene,  2,2,4-tr3jTU.;tbylpentane  [8]  | 

1  +1.6 

+2.4 

+2.0 

+2.0 

Mesitylene,  2,2,4-trimethyl-  ! 

pentane  [8]  I 

1  j 

1  +1,4 

+2.2 

+0,3 

-0.. 

Mesitylene,  n-nonane  [10]  ' 

1  +2.0 

+2.3 

+1.3 

+1.8 

Sec . -butylbenzene ,  sec  ^ -buty 1- 

cyclohexane  [8] 

i 

+0.8  1 

1 

i  +1,4 

+1,0 

+0.0 

Sec .-butylbenzene,  diisoamyl  [8] 

+0.6 

j  +1.1 

Q 

+1.8 

+1.2 

It  obviously  follows  from  these  results  that  ‘*^r  has  no  advantages  over 
relative  even  specific  (*fc)  dispersion  with  respect  to 

additivity.  In  these  systems  a  systematic  deviation  of  wp  from  additivity 
is  observed,  which  leads  to  enhanced  values  for  the  arcHnatic  content  of  from 

absolute.  For  exact  analytical  work  this  deviation  is  the  same  as 

for  the  methods  involving  specific  and  relative  dispersion  [6,8]. 

Thus  the  only  reason  advanced  for  preferring  ^^^r  [1],  to  and 

falls  to  the  ground. 

The  decisive  factor  in  deciding  the  advantages  of  one  or  another  vari¬ 
ant  of  the  dispersometric  method  is  a  direct  com.parison  of  the  results  ob¬ 
tained  by  these  variants  on  the  same  materia Is »  We  have  at  our  disposal 
results  of  such  a  ccmparison;  these  are  given  in  Table  3<. 

Synthetic  mixtures  of  benzene  and  toluene  with  dearomatic ized  benzene 
fractions  were  prepared  and  examined  as  described  previously  [6,8],  The 
aromatic  hydrocarbons  used  have  also  been  described  before  [8,10]. 

Table  3  contains  results  obtained  using  a  Pulfrich  refractometer,  and 
the  respective  methods  of  relative  dispersion  [6],  specific  dispersion 

[11],  and  the  method  of  Kazansky  et  al.  [1],  All  calculations  were 
made  using  the  mean  value  of  the  dispersion  of  the  saturated  hydrocarbons 
indicated  by  the  respective  authors  [6,  1.1,  l] ,  For  the  methods  of  relative 
dispersion  and  specific  dispersion  6 pG>  accordance  with  the  author’s 
method,  corrections  of  non-ideality  of  and  Spp  were  applied  for  the 
benzene  and  toluene  mixtures  by  means  of  tables^)  . 

The  results  obtained  demonstrate  the  superiority  of  the  i*^pQ  [6]  method 
over  other  dispersometric  methods  of  determining  aromatic  hydrocarbons;  not 
only  is  this  method  simpler,  it  is  also  more  accurate.  Method ci>p  [1],  gives 
much  poorer  results.  Errors  obtained  when  calculating  the  results  according 


We  should  like  to  take  this  opportunity  to  correct  an  error  in  article  [6]; 
Pcorr.  printed  instead  of  P  on  p.24l  in  the  line  following  formula  (8). 
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TABLE  3 

Results  of  analyses  of  benzene  and  toluene  mixtures  by  dispersometric  methods 


Components  of  mixtures  , 

1 

,  Aromatic  j 
1  content 

1  Method  utpn 
[6] 

Method  6r0 
[111 

i 

i 

1  ^  1 

fovind  '  error 

found  , error 

Benzene, dea  romaticized. 

I 

1 

fraction  50-95* 

55.5  j 

Benzene,  dearomaticized, 

fraction  50-95* 

51.7 

Benzene,  dearomaticized. 

fraction  50-9^® 

19.6 

Benzene,  dearomaticized. 

fraction  50-95® 

11.0 

Toluene, dearomaticized. 

fraction  95-122® 

46.3 

Toluene,  dearomaticized,  j 

fraction  95-122® 

30.2 

Toluene,  dearomaticized. 

fraction  95-122® 

22.1 

Toluene,  dearomaticized, 

fraction  95-122® 

15.1 

Mean  deviation  .  .  . 


55.9  i  +0.4  54.5  ' 

-0.7  51.5 

I 

«0.5  19.4 

+1.2  12.8 

+0.5  45.5  -1. 

+0.8  29.5 

+0.5  20.5 

13.1  -2.0 


1.1 


to  are  on  the  high  side  for  P,and  are  often  inadmissibly  high.  These  errors 
are  no  doubt  caused  to  a  considerable  extent  by  disregard  of  the  deviations  of 
from  additivity. 

Another  reason  for  the  considerable  errors  of  method  cjp  is  the  comparative¬ 
ly  large  variation  in  the  values  for  saturated  hydrocarbons.  Calculations  using 
the  same  experimental  results  and  using  the  actual  values  of  ^  for  the  dearo- 
maticized  fractions  tested  lead  to  a  decrease  in  the  mean  deviation  to  1.5^# 
but  the  systematic  character  of  the  error  is  maintained.  By  taking  into  account 
the  deviation  of  from  additivity  it  would  be  possible  to  improve  the  results 
even  more,  but,  whatever  corrections  are  applied  we  fail  to  see  why  wr  should 
be  preferred  to 

In  conclusion  we  should  like  to  point  out  that  it  is  incorrect  to  say  as  in 
[1],  that  the  method  of  relative  dispersion  was  proposed  by  us  in  1946  a  ”  year 
later”  than  Mokhnatkin  [12].  Our  first  paper  [2]  which  contained  the  basis  of 
the  relative  dispersion  method,  together  with  results  obtained  on  the  Abbe  refrac 
tometer  confirming  its  use,  was  reported  at  Acad.  Sci.  USSR  November  1,  1944, 

and  was  received  by  the  editorial  board  of  J.  Gen.  Chem.  on  April  1,  1945. 

In  Mokhnatkin’ s  review  [12]  which  was  published  in  May  1945  there  is  only 
a  brief  mention  that  a  method  was  being  worked  out  in  the  laboratory  of  the 
”  Khimgaz”  factory,  for  analysis  of  gasolines,  using  relative  dispersion.  No 
results  of  this  work  have  as  yet  appeared  in  the  literature. 


SUMMARY 

1.  The  values  of  for  mixtures  of  aromatics,  paraffins  or  naphthenes 
show  a  systematic  deviation  from  additivity  which  usually  exceeds  the  possible 


experimental  error. 

2.  Disregard  of  this  deviation  of  from  additivity  may  lead  to 
errors  of  the  order  of  2-2.5^  absolute  in  dispersometric  analysis. 

3.  A  method  of  determining  aromatic  hydrocarbons  by  means  of which 
was  only  suggested  recently  [1],  has  no  real  advantages  over  the  relative 
dispersion  method  wpQ  [6]  and  is  not  as  accurate  as  the  latter. 

Received  October  22,  1955. 
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NEW  REAGENTS 


OXIDATION-REDUCTION  INDICATOR 
"FERROIN" 


The  Institute  of  Chemical  Reagents  has  issued  a  new  oxidation-reduction 
indicator  -  ferroin  -  which  is  a  complex  salt  of  orthophenanthroline  and 
ferrous  oxide  Fe(Ci2H8N2)3S04,  molecular  weight  692.5. 

The  oxidation-reduction  potential  of  ferroin  is  1,06  V. 

The  normal  oxidation-reduction  potential  of  ferroin  changes  with  pH 
(Smith  and  Richter  19^^). 


Molar  concentration  of 
sulfuric  acid 

■ 

2 

3 

B 

6 

8 

Potential  in  volts  .  ! 

1 

'1.06 

1 

1.03 

1.00 

.1 

0.96 

i.  i 

0.89 

i  ' 

£>,76 

On  oxidation,  the  Fe  phenathroline  complex  changes  over  to  the  Fe 
complex 

[Fe(Ci2HeN2)3]2'*'  ^  >■  [Fe(Ci2HeN2)3]^*  +  e 

and  the  red  color  changes  to  pale  blue. 

The  use  of  ferroin  as  a  reduction-oxidation  indicator  has  been  discussed 
in  a  review  article;  G.  A.  Pevtsov,  Proc.  All  Union  Conference  on  Analytical 
Chemistry,  Vol.  IV,  19^8  and  also  in  Kolthoff  and  Sandel* s  book  "  Quantitative 
Analysis’*  State  Chem.  Press  19^8. 

The  use  of  ready  made  ferroin  is  far  more  convenient  than  the  preparation 
of  a  solution  of  ferroin  in  the  laboratory  from  orthophenanthroline  and 
ferrous  sulfate . 

’’Ferroin”  is  issued  by  Glav.  Khim.  Reaktiv.  (State  Chemical  Reagents). 
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